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TO 


Monſ. de FONTENELLE. 


1 F you addreſſed your ingenious and 
entertaining Dialogues to the illu- 
ſtrious Dead, who had firſt given you 
the idea of that work, and therefor 
thought yourſelf obliged to ſeek your 
Hero even in the obſcurity of the tomb; 
how much greater reaſon have I to de- 
dicate theſe diſcourſes to one of the 
moſt illuſtrious among the Living, 
whom I am indebted to for the exam- 
ple which ſet me upon compoſing them, 
and who has given me ſo perfect a mo- 
del of polite wit and agreeable writ- 
ing? 

Your Plurality of Worlds firſt ſof- 
tened the ſavage nature of philoſophys 
and called it from the ſolitary cloſets 


and libraries of the learned, to intro- 
duce it into the circles and toilets of 


A 
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ladies. You firſt interpreted to the 
moſt amiable part of the univerſe thoſe 
hicroglyphics, which were at firſt only 
for initiates; and found a happy me- 
thod to imbelliſh and interſperſe with 
moſt beautiful flowers a field, which 
once ſeemed incapable of producing 
any thing but the moſt rugged thorns 
and perplexing difficulties. You may 
be ſaid to have committed the care of 
revolving the heavens to Venus, and 
the Graces,Jinſtead of thoſe intelligen- 
ces to whom ignorance had anciently 
aſſigned that office. 

The ſucceſs was anſwerable to the 
beauty and novelty of the undertaking. 
That half of our world, which always 
commands the votes of the other, has 
given its approbation to your book, 


and in the moſt agreeable manner con- 
ſecrated it to poſterity. 2 

May 1 venture to flatter myſelf, | 
that my Light and Colours will have : 
the ſame fate as your Worlds? If a de- b 
fire of pleaſing thoſe who afford us ſo | 


ſation grow lanquid. 


V 


much pleaſure, were ſufficient to make 


its fortune, I ſhould have nothing to 


envy you. But Iam too ſenſible of the 
very many defects that attend my per- 
formance, defects that I cannot help 
lamenting; for not to ſay any thing of 
your talents, and that happy art of 
rendering every thing you undertake 
entertaining and agreeable, the plura- 
lity of Worlds, which you have choſen 
for your ſubject, ſeerns of all others to 
preſent the moſt pleaſing and elegant 
images, and is therefor the moſt agree- 
able to your dialogiſts, that the vaſt 
field of philoſophy could ever ſupply 


you with. It preſents to the mind no- 
thing leſs than the ſtars and planets, 


the nobleſt and moſt ſhining objects 
of the univerſe. There are but few of 
the ſubtile enquiries of ſcience, into 


which you are obliged to enter. The 


arguments, upon which your opinion 


is founded, do not carry ſuch a cer- 


tainty in them, as to make the conver- 
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vi 
I have endeavoured to ſet truth, ac- 


companied with all that is neceſlary to 
demonſtrate it, in a pleaſing light, 


and to render 1t agreeable to that ſex, 


which had rather perceive than under- 
ſtand. Light and Colours are the ſub- 
ject of my dialogues; a ſubject, which, 
however hvely and agreeable it may 
ſeem, is not in itſelf either ſo pleaſing 


or ſo extenſive as your worlds. I am 
obliged to deſcend to many difficult 
and minute particulars of knowlege; 


and my arguments are unhappily 


inconteſtible experiments, which muſt. 


be explained with the greateſt ac- 
curacy imaginable. It was indeed juſt, 
that the ladies, who by your work had 
been made acquainted with the great 
change introduced by Des Cartes into 
the thinking world, ſhould not be 1g- 
norant of the new, and, it is probable, 
the laſt change, of which the illuſtri- 
ous Sir Iſaac Newton was the author. 
But it was extremely difficult to reci- 


vilize this ſavage philoſophy, which 


| vil 
in the paths of calculation and the moſt 
abſtruſe Geometry was returning more 
than ever to its ancient auſterity. You 
have embelliſhed the Carteſian philo- 
ſophy; and I have endeavoured to ſof- 
ten the Newtonian, and render its very 
ſeverities agreeable. 
However, the abitruſe points, upon 
which I have been obliged to treat, 
: were only ſuch as are abſolutely neceſ- 
* ſary, and always interſperſed with 
: ſomething that may relieve the mind 
from that attention which they require. 
In the moſt delightful walk we are 
ſometimes glad to find a verdant turf 
to repoſe ourſelves upon. Lines and 
mathematical ſigures are entirely ex- 
cluded, as they would have given theſe 
diſcourſes too ſcientific an air, and ap- 
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| peared formidable to thoſe, who to be 

inſtructed mult be pleaſed. Mathema- 
7 tical terms are as much as poſſible a- 
; voided; and if ever any do occur, ther 
; are explained by the aſſiſtance of the 


moſt familiar objects. The difficultics 
"6 3 
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viii 
raiſed againſt any particular experi- 
ment, the hiſtory of optical inventions, 
metaphyſical doubts, and the various 
opinions of different philoſophers, pre- 
ſerve the ſubject from that continued 
uniformity, which would make it diſ- 
agreeable and tedious. I have endea- 
voured as much as poſlible to render 
it lively, and make my readers intereſt 
themſelves in it as they would in a 
compoſition for the theatre. Is there 
any thing, eſpecially where ladies are 
concerned, in which a writer ſhould 


omit any endeavours to move the 
heart? 


The marvellous, of which the heart, 
always deſirous of being affected, is ſo 
fond, happily ariſes in true philoſophy 
of itſelf, without the help of machines. 
I have made a fort of change or ca- 
taſtrophe in the philoſophy of my Mar- 
chioneſs, who is at firſt a Carteſian, af- 
terwards a proſelyte to Malebranche, 
and at laſt obliged to embrace the ſy- 


fem of that perſon, who ought to be 


1 


placed at the head of his ſpecies, if fu- 
periority and rank among mankind 
were determined by ſtrength of genius 
and the moſt comprehenſive know- 
| lege. This great philoſopher's general 


ſyſtem of attraction is not omitted, be- 

> cauſe it has a natural connexion with 
- 2? the particular attraction obſerved be- 
t twixt bodies and light. Thus theſe 
) 7 dialogues may be conſidered as a com- 
> > plete treatiſe of the Newtonian philo- 


> > ſophy. The ſanctuary of the temple 
1 } will always be reſerved for the prieſts 
and favourites of the Deity; but the 

entrance and its other leſs retired parts 
5 Z w1ll be open to the profane. 


0 The ſtile I have endeavoured to fol- 
y low 1s what I believed moſt proper for 
IJ dialogue, clear, conciſe, interrupted, or 
* interſperſed with images or turns of 
* wit. I have taken the utmoſt care to 
f. avoid thoſe perplexed and long periods 
e, cloted by the verb, which only ſerve 

to run the reader out of breath, and 


are beſide repugnant to good ſenſe, and 
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much leſs agreeable to the genius of 
our language than 1s generally believ- 
ed, and certainly cannot be agreeable 
to the genius of thoſe, who write with 
an intention of being underſtood. I 
have left them entirely to thoſe, who 
forſake the*Saggiatore for the FFiam- 
metta, together with thoſe antique and 
obſolete words which conſtitute ſo great 
a part both of their knowlege and de- 
light. The Count di Caſtiglione, in 
his Courtier, two centuries ago, ventur— 
ed to write in ſuch a manner, as to be 
underſtood by his contemporaries, and 
throwing aſide the affectation of Gothic 
terms, adapted his manner of writing 
to the forms of ſpeech in uſe among 
the polite and well-bred perſons of his 
time. Cuſtom the ſovereign judge in 
all languages, except perhaps our 
oven, was his guide; and thus he en- 
riches us with the fineſt piece, as far 
* An Epiſtle from Galileo to Fingiafurs Ceſarinus, in which the au- 
- thor gives a very elegant expoſition of his ſyſtem of Phyſics and A- 


5 ſtronomy 
' + A Romance, by Beccace. 
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Xi 
as regards the ſtyle, which the Italian 
language has to boaſt of. For what 


_ reaſon ſhould I think myſelf obliged 


to make uſe of the antiquated diſcourſ- 
es of ſome clamorous haranguer of 
four hundred years ſtanding, as a mo- 
del for a work of philoſophy and po- 
liteneſs; and rather than talk to ladies 
in the language of the preſent age, 
addreſs my diſcourſe to the devotees of 
the thirteenth century ? 

This minute diſſertation J thought in 
ſome meaſure due to yourſelf, to let 
you ſee how little I have neglected in 
a manner of writing, which may be 
regarded as your own. Nor was it leſs 
due to my countrymen, ſince this 
work, whatever it be, is written in 
their original language. Young ma- 
thematicians, in giving the ſolution 
of a problem, generally deſcribe the 
ſteps by which they inveſtigated it: it 


is only thoſe of an eſtabliſhed reputa- 


tion who are permitted to give the ſim- 
ple ſolution, and leave to others the 


nearly an equal knowlege of the pre- 


xii 
care of finding by what means they 
attained it. 

I would not however appear to ſet 
a greater value upon this work than 
perhaps the world will think it de- 
{erves, or ſuppoſe myſelt to have given 
a perfect ſolution of this problem. I 
am too well acquainted both with my- 
ſelf, and the difficulty of the enterprize, 
to entertain ſo high an opinion of the *' 
performance. I have perhaps only 
ſeen the method, which ought to be 
followed, and yet have not followed - 
it myſelf. Raphael and Guercino had 
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parations neceſſary for the right de- 
ſigning of a figure, and yet were ex- 
tremely unequal in the execution of it. 
Whatever may be the ſucceſs of my 
undertaking, the ladies, for whom this 
work is principally intended, ought at 
leaſt to think themſelves obliged to me, 
if I have procured to them a new kind 
of amuſement, which others may per- 
haps carry to a greater degree of per- 
fection; and if I have brought into 
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Italy a new mode of cultivating the 
mind, rather than the preſent momen- 
tary faſhon of adjuſting their head- 
dreſs and placing theircurls. Travellers 
ſhould be the importers of wit, and of 
thoſe reciprocal advantages, which dif- 
ferent nations even in this reſpect have 
over each other. Happy the ſociety 
formed upon the Italian fancy, the 
French politeneſs, and Britiſh good ſenſe! 

We ought to think ourſelves obli- 
ged to your nation, and yourſelf in 


particular, for giving us an example 


to render common and eaſy what was 
once myſterious and difficult, and to: 
write in our own language what by a 
ſuperſtitious veneration was appropri- 
ated to the Latin, and at the ſame time 
perplexed with Greek, that moſt for- 

midable weapon of pedantry. We may 
in this reſpect caſt the ſame reproach 
on the Italians as Mr. Pope does in a- 
nother caſe on the Engliſh in his fine 


prologue to Cato. 


Our ſcene precariouſiy ſulſiſts too long 
On French tran/lation and Italian ſong. 


# — 


xiv 
Dare to have ſenſe yourſelves, aſſert the ſtage, 
Be juſtly warm'd with your own native rage. 
If we except ſome tranſlations from 
the French, there is nothing among us 
but ſongs and collections of verſes, 
which every day overſpread us like a 
deluge, and are the torments of our 
age. In the modern books, written in 
the Italian language, the ladies can 
find nothing but ſonnets full of a me- 
taphyſical love, which I ſuppoſe muſt 
affect them as little as the antiquated 
1 | expreſſions of ſuperannuated Ciciſbei. 
Let the age of realities once more ariſe 
among us, and knowlege inſtead of 
giving a rude and ſavage turn to the 
1 mind, and exciting endleſs diſputes and 
} wrangling upon ſome obſolete phraſe, 
"et ſerve to poliſh and adorn ſociety. I 
Wl; have at leaſt opened the way to ſome- 
I thing, which is neither grammar nor 
ſonnet; and ſhall flatter myſelf to have 
done much more, if what the ladies 
| inſpired me with, has the good for- | 
tune to meet with your approbation. 
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DIALOGUES 
ON 
LIGHT and COLOU R S. 


DIAS OGUSE Þ 


A general idea of Phyjics, and an explanation of the moſt 
remarkable hypotheſes concerning Light and Colours. 


HE very ſame reaſon that led me every day to a 
concert of muſic, a gay and elegant entertain- 


ment, a ball or the theatre, induced me to write an 
account of the manner in which I paſſed my time laſt ſum- 
mer in the country with the marchioneſs of E-—, and has 
thus, from an idle and uſeleſs member of ſociety, rendered 
me an author, And the natural deſire that every author 
has to appear in print (whatever theſe gentlemen may tell 
us in their long prefaces) engages me at preſent to publiſh 
this account. It is entirely philoſophical, and compoſed 
of certain diſcourſes which 1 had with that polite lady 
on the ſubject of Light and Colours. Some will, I make 
no doubt, condemn me for having paſſed my time ſo ill 
with a lady; and indeed I have condemned myſelf for it. 
But if they knew what an engaging manner the marchioneſs 
has of obliging every one to what ſhe deſires, I am per- 
uaded they would forgive me, even if I had read her 
Guicciardini's “ hiſtory of the wars of Piſa, if ſhe could 


have deſired it. But however inexcuſable my error might 


be, I conſtantly endeavoured to amend it, whenever I could 


An Italian hiſtorian very prolix and tedious. It was a ſaying 
of Dr. Donne's, that if Moſes had wrote like Guicciardini, the 


whole world would not have been big enough to contain the hiſtory 
of its own creation. 
B 
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diſengage myſelf a little from Light and Colours: and 
indeed both the beauty of the marchioneſs, and the nature 
of the place, which ſeemed formed to ſupport what ſhe 
had every where given birth to, inſpired a diſcourſe quite 
different from that of philoſophy. The little peninſula 


of Sirmione, the country of the polite Catullus, and thoſe _ 


mountains which have ſo often repeated the tine verſes of 
Fracaſtorius “, two remarkable points, if I may uſe the 
expreſſion, in the poetical geography, formed a diſtant 
proſpect to a fine ſeat, placed on an eaſy aſcent, that was 
watered below with the clear ſtreams of the Benaco +, 
which by its great extent, and the roring of its waves, 
ſeems to rival the ocean, The orange trees that diffuſed 
their odours along the banks, and perfumed the air all 
around with a delightiul fragrance, the coolneſs of the 
woods, the murmur. of fountains, the veſſels that ſpread 
their ſails along the chryſtal lake, each of theſe agreeable 
objects would have alternately raviſhed my ſenſes, if the 


| goddeſs of this delightful place had not wholly engaged 


my attention, 2 Ari 
To the charms of wit, and the moi polite imagination 


ſhe joined an uncommon ſtrength of judgment, and to the 


moſt refined ſentiments a learned curioſity, Superior to 


the reſt of her ſex, without being ſolicitous to appear ſo, 


* Terom Fracaſtorius was born of a noble family at Verona in Italy, 
about the year 1483. He ſtudied phyſic, until a few years befote 
his death, when he devoted himſelf entirely to the ſtudy of polite 
learning, mathematics, aſtronomy, and cofmography. He died of 
an apoplexy in 1553, and was interred in the church of St. Euphe- 
mia at Verona, where in 1559, he had a ſtatue erected to him by or- 
der of that city. His poetical works arc much admired, the princ1- 
pal of which are his Syphilis ; Jeſeph an epic poem in two books, but 
ſeft unfiniſhed at his death; and his Alcon, ſeu de cura canum venati- 
cgrum. See bis life prefixed to his works 5 Foann. Imperialis ruſaum 
hiftoricum. pag 16. Les eloges des hommes ſavans, tirez de I hiſtorie de 
M. de Thou. Tom. 1. pag. 189, . 38 

A lake in in the territorics of Venice, now c:.!led Lagodi Garda. 


On LIGHT and COLOURS. 19 
ſhe could talk of ornament and dreſs whenever there was 
occaſion for it, and aſk proper queſtions upon more im- 


portant ſubjects. A natural negligence, an eaſy unaftec- 
tedneſs, embelliſhed all ſhe ſaid. She had beauty enough 


do gain her conſort many friends, and judicious enough 


not to ſhew any one a particular regard; and thele ac- 
> compliſhments being ſeldom found united except in books 

and the imagination of authors, is the reaſon, I believe, 

that learning in ladies does not meet with ſo univerſal an 

applauſe from the world as their beauty. 

When impertinent viſitors gave us ſome reſpite from 
Play, that relief and plague of ſociety, we paſſed ſome 
part of the day lin reading ancient and modern authors, 
contrary to the opinion of that monarch * who preferred 
old books like old friends, Our principal reading was 


A poetry, as this ſeemed of all others moſt agreeable to the 
country from whence the genealogiſts of polite literature 
I tell us it derived its original. But, however, that we 
4 might preſerve a certain ſpirit of liberty, upon which all 
our converſation was grounded, we did not entirely ex- 


1} clude that ſort of poetry which is formed expreſly for the 
3 town, as ſatire, comedy, and epic. This ſpirit had a 
4 more particular influence upon our criticiſm, which re- 
7 garded an Italian, a French, an ancient and a modern 


Y author, with an equal impartiality, The ſober dignity 


and purity of the Eneid, the variety and perſpicuity of 
Orlando Furioſo, the noble finiſhing of the Gieruſalemme 
Liberata, the juſtneſs, the philoſophical ſpirit, and the 


= * Alphonſus the roth king of Arragon, ſirnamed the Wiſe, who 
uſed to ſay, he deſired little more than four old things, viz. old wood 
Ito burn, old wine to drink, old books to read, and old friends to live 
wa He began his reigu in 1252, and died in 1284. 
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peculiar beauties of the Henriade, the invention of the 
Mandragora *, the characters of the Miſanthrope, the 
{weetneſs of verſe in + Sannazarius, and the happy negli- 
gence of Chappelle; all theſe we compared in ſuch a man- 
ner, that we neither eſteemed a verſe the more harmoni- 
ous for its antiquity, nor a thought leſs ſublime or ele- 
vant from any difference of country. We interſperſed 
our diſcourſe with epiſodes and digreſſions, which the 
marchioneſs did not think herſelf leſs obliged to me for, 
than if I had given her an encomium upon her beauty. 
In one of theſe digreſſions, I ſpoke of the force and ad- 
vantages of Engliſh poetry, which gave her a ſtrong in- 
clination to be acquainted with it, imagining that a nation, 
to whom Minerva had laviſhed her favours in ſo profuſe a 
manner, could not be deſtitute of thoſe of Apollo. | 
As I deſired nothing more than to give pleaſure to a 
perion who continually afforded ſo much to me, I was 
extremely ſorry that I could trace her only a very low and 
imperfect idea of Dryden's harmonious copiouſneſs, Wal- 
ler's ſoftneſs, Prior's various and eaſy tile, the lively 
wit and fire of Rocheſter and Dorſet, the corre& majeſty 
of Addiſon, the ſtrong and manly ſtrokes of Shakeſpeare, 


* Mandragora or Mandragola, an Italian comedy written by the 
famous Nicolas Machiavel 

+ Actius Sincerus Sannazarius was born at Naples of a noble fa- 
mily in 1488. He was ſecretary to Ferdinand king of Naples, who 
honoured him with a great thare of his contidence and eſteem. He 
was eminent for his Italian and Latin verſes. He ſpent twenty years 
in correcting and poliſhing his poem De Partu Virginis ; but his 
piſcatory Eclogues in Latin, which he wrote when he was young, 
were preferred to all his other poctical writings. He was rewarded 
by the Venetians with a preſent of 600 crowns for his celebrated 
epigram, 

Viderat Hadriacis Venetam, etc. 

He dicd in 1530 of grief, becauſe the prince of Orange, who was 
own: of the imperial army, had demoliſhed a tower belonging to 
1s country-houſe. He lies interred near Virgil's tomb. Sce Pan- 
les Tovius in Elogiis, etc. | 
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To ſpeak of the 
merit of a poet, is the ſame thing as endeavouring to de- 


and the aſtoniſhing ſublimity of Milton. 


ſcribe the beauty of a face, which can be judged of only 
by the ſight; and to quote, even in its original language, 
only one particular paſſage ſeparate from the reſt, would 
be the ſame as ſhewing an eye, a lip, or a dimple of a 
face, of which we deſire to ſee not fingle features, but 
the whole, whoſe beauty and {ſymmetry are the reſult of 
innumerable charms, However it gave me a little conſo- 
lation when 1 remembered, that, among ſome papers 
which I happened to bring with me into the country, 
I had Mr. Pope's Ode on St. Cecilia's day. None can be 
unacquainted with the name of this great author, with- 
out at the ſame time ignorant that there is any ſuch thing 
as poetry in the Exgliſh language. The next morning 1 
carried this fine Ode with me into the grove dedicated to 
our poetical converſation, and now become the Parnaſſus 
of all nations. After having begged pardon of the Eng- 
{iſh muſes, I tranſlated it as well as I could, and began 
to read, The marchioneſs liſtened to me with an attention 
that fine ladies ſeldom give themſelves the trouble of. 
When I came to this paſſage — 
While in more lengthen'd notes and ſloau * 
The deep majeſtic ſolemn organs blow 

ſhe interrupted me, and could not enough admire the 
propriety of theſe epithets, which, added ſhe, deſcribe 
that inſtrument m ſuch a manner that I really hear it play. 
I cannot tell whether you hear it too, but I think I may 
reaſonably conclude it from a certain pleaſure you ſhewed, 
* inſenſibly, in 0 this paſſage to me, You 


* Mentre con tarde ed allungate note 
Il profundo, ſolenne, e maeſtoſo 


Organo ſoffia 


5 3 


_ I. 


are ſo well acquainted, Madam, with the moſt ſecret mo- 
tions of my heart, that it is impoſſible for you to be de- 
ceived ; and you commend a thing that certainly renders 
the image, which is the ſupport of poetry, extremely 
lively and expreſſive, Theſe ſorts of epithets are the ſtrokes 
that give life to the picture. A white hand, a ſerene brow, 
and bright eyes, are at beſt but the rough draught of it. 


Now we are ſpeaking of epithets, is not the ſeven fold 


Light, which I read of ſome time ago, replied the mar- 
chioneſs, in an Ode made in honour of the philoſophical 
lady * of Bologna, ſome Chineſe hieroglyphic? at leaſt it 
is ſo to me and many others whom I have deſired to ex- 
plain it. You mean, anſwered I, 

ie ſevenfold Light | 

Whence ev'ry pleaſing charm of colour ſprings, 

And forms the gay variety of things f. 

If you knew the force of this epithet, you would ſee 
2 Newtonian picture inſtead of a Chineſe hiereglyphic, 
though perhaps a little too philoſophical for poetry. What ! 
anſwered ſhe, interrupting me with an air of ſurprize, 


you underſtand this paſſage as well, as if it was the pro- 


duction of an Engliſh author. I am of opinion, Madam, 

anſwered I. that the verſes of an Italian who has the ho- 
nour to be a great admirer of you, are infinitely preferable 
to thoſe of an unfortunate Briton, who has the unhappi- 
neſs of being at ſo great a diſtance from you. I under- 
ſtand you, continued ſhe, and I need not defire a better 


„Laura Maria Katherina Barſi, a learned lady in Italy, who in 
1732, at 19 years old, held a philoſophical diſputa:ion at Bologna, 
upon which ſhe was admitted to the degree of doctor in that uni- 


verſity. 
7 + Odell, aurata 
Luce ſettemplice 


J varioardenti, e miſti almi colori. 
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encomiaſt than you, if it be true, that no one underſtands 
the ſenſe of an author ſo well as himſelf, Come then, 
ſince you are the author of this piece, deliver me from the 
perplexity I am under about this /everfo/d Light, and the 
reſt of your Newtonian picture, which gives me great rea- 
ſon to believe, that in praiſing one lady, you have uſed 
your utmoſt endeayburs that no other ſhould underſtand 
your meaning. It is certainly that profound reſpect that 
1 have for you, Madam, anſwered I, which has made 
you find me out. Afterwards, reflecting that it was im- 
poſſible to give her in few words an explication of Sir 
Iſaac Newton's optics to which theſe verſes allude, a 
thing which ſhe had not the leaſt idea of, had not we 
better follow the example of the theatre, Madam, ſaid I, 
where the play is generaliy at an end when the perſons 
come to a knowlege of one another? And beſides, we 
ſhould finiſh Mr. Pope's Ode, which will certainly give 
you a far greater pleaſure, than any comment upon mine, 
No, no, ſaid ſhe, we will finiſh that another time, and 
for the preſent we ſhall a& contrary to the theatre, but 
without forgetting the cataſtrophe, or finding myſelf in 
as much ignorance as ever, | 
Being willing to give her ſome idea of the ſyſtem to 
which theſe verſes refer, and thinking that the Marchio; 
neſs would for once be like other ladies, who are often 
defirous of ſeeming to underſtand what they are not ſap- 
poſed to have the leaſt notion of, I told her as briefly as 
I could, that according to Sir Ifaac Newton's opinion, or 
rather as the thing really is, every ray of light is compoſed 
of in infinite number of other rays, ſome of which are red, 
ſome orange and yellow colour, others green, ſome blue, 
ſome indigo, and others violet; and that from the compoſi- 


tion of theſe ſeven colours in a direct ray from the ſun ariſes the 
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white or rather golden colour of light: that if this di- 
rect ray from the ſun is refracted by a certain glaſs called 
a priſm, theſe rays of which it is compoſed, differing in 
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colour, differ alſo in degrees of refrangibility,——1 ſee, 
faid the marchioneſs, interrupting me in a manner very 
different from what I expected, that your_comment has 
more need of an explanation than perhaps the text itſelf. 
But this is my fault in not being able to underſtand your 
refraction, different degrees of refrangibility, and the like, 
which quite confound the idea 1 had begun to form, Bur 
pray explain yourſelf in ſuch a manner that I may not 
have any farther reaſon to accuſe you with obſcurity, nor 


my own dulneſs with being the cauſe of it. 

You will not be ſatisfied, anſwered I, unleſs I make you 
a comment at leaſt as long as that of the Malmantile, 
which, I obſerved to you the other day, ſeemed to be 1 
dictated by the agreeable Mathanaſius “ who was former- I 
ly the Moliere of the commentators : at leaſt, ſaid ſhe, _ 
Newton will enter more properly here than Micheli does 
there, whoſe diſcoveries are of no ſort of ſervice to illuſtrate 
this poem; and ſince all you ſaid was ſpoke with an air of 
ſeriouſneſs, and fuch confidence that you did not ſcruple 
g ſaying, according to Sir Iſaac Newton's 9þpinion, or rather ; 
4 as the thing really is, you have made me extremely de- 4 
| ſirous of becoming a Newtonian. This, anſwered 1, is 3 
= a very ready method of propagating Sir Iſaac Newton's 
| philoſophy and bringing it into faſnon. Pemberton, 
Graveſand, and Dunch, the zealous propagators of this 


* 
A Monſieur Ce St. Hyacinthe, under the fictitious name of Dr. 
4 Mathanaſius, publiſhed a piece intitled, Chef d' Oeuvre d un Inconnu 
\ avec des remarques, in order to ridicule the impertinence of ſome cri- by 
6 tics and commentators. The Malmantile is an Italian piece wrote 
a after the manner of this author. h | | 
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ſyſtem, would be very glad to give the care of it to you. 


But what will Mr, Pope ſay, ſhewing her the book which 


had ſtill in my hand, if you leave him in the beginning 
of chis fine Ode, for a ſudden fancy that you have taken 
to light and colours? Mr, Pope, anſwered ſhe, cannot be 
offended at my leaving him for a philoſopher, and ſuch a 
philoſopher as Sir Iſaac Newton, one of his own country- 
men too, Do not you know, ſaid I ſmiling, that the 


Poets look upon themſelves as ſacred, and when they have 


once got this enthuſiaſm into their heads, they regard 
neither country nor relations, but think themſelves greater 
than any philoſopher, even if he had diſcovered wherein 
conſiſts the union of the ſoul and body ? It is well for us, 
ſaid ſhe, that the poets have more modeſty than to declare 
this in their writings. 


It ſignified nothing for me to plead incapacity and many 


_ otherexcuſes, which are made uſe of on the like occaſions, and 


which occurred to me upon this. The marchioneſs inſiſted 


upon ſeeing my Newtonian picture as'ſhe called it, I beg- 


ged ſhe would at leaſt have patience till evening, telling 
her that che night had always been the time conſecrated 
to philoſophical affairs; and that the moſt polite philo- 
ſopher in France had made uſe of it in a circumſtance re- 
ſembling mine, and made no ſeruple of entertaining a fine 
lady with philoſophical diſcourſes in a wood at midnight. 
But we, Sir, replied the marchioneſs, ought to make uſe 


of the day, which is certainly more proper than the night 


for a diſcourſe on light and colours. She ſpoke this with 
an air of authority that inforced her commands in the 


moſt amiable manner, and made it a pleaſure to obey, 


Thus I was abſolutely obliged to begin, but the diffi- 
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culty was how to do it; for the had not the leaſt notion 
of phyſics, which it was neceſſary to give her a general 


idea of, before 1 proceeded to a diſcourſe upon light and 


colours on the Newtonian ſyſtem. At laſt, after having 
again in vain reminded her of Mr. Pope, and other ſubjects 
that required leſs application and afforded greater plea- 
 Ture, when the heat of the ſun, which was now almoſt at 
his meridian, obliged us to retire into the houſe, 1 began 
after the following manner, | 

It is natural to ſuppoſe that after ſociety was ſo well eſta- 
bliſhed among mankind, that ſame of them had nothing 
to do, which I look upon as the epocha of its perfection. 
Theſe perſons either from; that curioſity, Which we natu- 
rally have about thoſe things that concern us leaſt, or 
perhaps for fear of being charged with idleneſs by the reſt, 
applied: themſelves to conſider that variety of things of 
which. this univerſe is compoſed, their differences and ef - 
fects. It is probable too, that one of the firſt. ſpeculations; 
that theſe idle people, who afterwards, aſſumed. the name 
of philoſophers, employed themſelves, about, was concern- 
ing the. nature of light, which is certainly the moſt beau- 
tiful and conſpicuous object of our ſight, and indeed the 
means by which we ſee every thing elſe. This conſequent- 
ly led them to the colours which this light depictures 
upon objects, and which diffuſe ſuch a variety and beauty 
on our world, Thus, I believe, that Optics, which is 
that part of natural philoſophy that regards light and 
colours, and in general all natural philoſophy, had their 
Origin among men at the ſame time with their idleneſs : 
indeed it was of a latter date than ſome parts of morality 
and geometry, which were abſolutely neceſſary in the ear- 


lieſt ages of the world, but contemporary to poetry, if 
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pyou will, and antecedent to metaphyſics, which required 
| > a ſtill greater vacation from buſineſs. 

I am pleaſed, replied the marchioneſs, that poetry and 
- > natural phil- Ophy have one common date; ſince for that 
rreaſon you will not perhaps think this tranſition ſo ſtrange, 
| that we have made from one to the other upon my account. 
1 The tranſition, anſwered I, that our philoſophers made 
from a ſlight knowlege of things to an ambition of unfold- 
ing nature and penetrating its effects, was much ſtronger. 


This, in the language of philoſophy, is called making 

ems. This is juſt as if any one, after having had a 

curſory diſcourſe with a ſubtile miniſter of ſtate about 
#7 good or bad weather, ſhould attempt to write his charac» 
ter, and pretend that he had penetrated his moſt profound 
ſecrets, They ſhould have begun with a very attentive 
examination of things, drawn from frequent obſervations 
and diligent experiments before they ventured upon the 
leaſt ſyſtem. They were to act, if poſſible, like thoſe two 
antient philoſophers; one“ of whom, in order to write 
on the nature of bees, retired into a wood, that he might 
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have the better opportunity of conſidering them; and the 
other þ ſpent ſixty years in making obſervations upon thefe 
inſets. But the misfortune is that experiments and ob- 
ſervation require patience and time, and very often we are 
indebted to mere chance for the muſt uſeful and entertain» 
ingamong them. On the other hand, men are always in 
haſte to arrive at knowlege, or at. leaſt to have the appear- 
ance of it, | 
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After this, the revolutions of ſtates, the rude and unculti- 
vated manners of the people, the temper of nations, and 
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* Philiſcus. Vid. Plin N. H. L. xi. C. 9. 
+ Ariſtomachus. Id. ibid. 
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the profeſſion of thoſe, among whom philoſophy had ſor- 
merly flouriſhed, did not a little retard its progreſs. From 
the Indians traditions which their prieſts kept to themſelves 
with as much jealouſy as they did their genealogics, and 
from the Egyptian temples, where it had long lain hid 
under myſteries and hieroglyphics, philoſophy at length 
took its ſeat in the portico's and gardens of Greece, where 
it was very ſoon embelliſhed, and corrupted with al- 
legory, fables, and all the ornaments of eloquence. Ima- 
gination, which is the characteriſtic of the Grecian genius, 
prevented philoſophy from taking any deep root, and in- 
deed it was attempted to have been totally extirpated by 
che eloquence of a man, whoſe diſcourſes were diſtinguiſhed 
by a certain grave and elegant pleaſantry, which made 
him maſter of the moſt powerful arts of perſuaſion, and 
who had been judged by the oracle the wiſeſt among mor- 
tals. He aſſerted, that we have nothing to do with what =? 
is above us, and ſtrove to reclaim. our curioſity and ſtu- 
dies from natural to moral objects; from the combinations 

of the univerſe, to the little chaos of human extravagan- 
cies, and from that rapture with which we are tran{port- 2 
ed by the contemplation of vaſt and diſtant obje&s, to the 
melancholy conſideration of our own emptineſs. And this 
perſon, who, more deſtructive than Pandora, engaged 
mankind in a conſideration of that tram of evils which 
had iſſued from her fatal box, without giving them * any 
hopes of a cure, was had in the higheſt veneration, as the 
father of a new philoſophy called moral, which is of all 
others the moſt treated of and the leaſt underſtood, 


1 probable that the greater part of thoſe, who are acquaint- 
ed with the character of Socrates, will think our noble author has 
paſſed too ſevere a cenſure. | | 
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Philoſophy after this, together with luxury, riches, and 
corruption, was tranſported from Aſia to Rome. It could 
make but little progreſs among a people who cultivated 
hardly any other arts but thoſe of pardoning the vanquiſh- 
ed, and depreſſing the proud. In the firſt ages of chri- 
2 ſtianity, philoſophy lent its aſſiſtance to combat paganiſm, 
and after this was ſubdued, it raiſed ſo many civil wars 
= and diſſentions among thoſe who by its aſſiſtance had tri- 
umphed over Jupiter and Olympus, that the eccleſiaſtical 


ſhip ſeemed in danger of periſhing when it was hardly 


1 looſed from the port. To this fatal war of words ſuc- 
ceeded that which the Barbarians raiſed againſt learning 
and the Roman empire, wherein both were equal ſuffer- 
ers; for it deſtroyed the one, and ſunk the other, untill 
from the profound darkneſs, which afterwards followed, 
ſome ſparks of antient knowlege were re-kindled among 
4 the Arabians. The doctrine of Ariſtotle revived, and be- 
F ing ſpread through the Eaſt, was gladly embraced by the 
9 monks, as it was the molt ſuitable to their manner of life. 
How much pains and ſtudy are neceſſary to frame a right 
[ | philoſophy! It requires no leſs art and labour, than to 
9 make thoſe fine ſilks which you ladies are adorned with. 
4 But the philoſophy, in which the name of Ariſtotle ſup. 
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22 plied the place of reaſon, did not greatly diſturb the mo- 
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from Athens by the antient prieſts, was, but with ſome 


= * Ariſtotle retired from Athens, in order to avoid a proceſs of ir- 
religion which the Athenian prieſts carried on againſt hin. The 
circumſtances of this affair are unknown: ſome aſſert, that he was 
charged with impiety on account of a hymn which he had made in 
*Ddonour of his friend Hermius. This hymn is ſtill extant, but there 

is not the leaſt impiety diſcoverable in it; but his accuſers urged 
that he had prophaned divine ſongs by proſtituting them to the ho- 
: Pour of a mortal man. Ariſtotle, not thinking it ſafe to truſt to the 
{Interpretation this little poem might meet with, retired very pri- 
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variety of fortune, received by ours; who, though they 1 
once condemned him as a * pernicious author, yet after- Ad 
wards carried the zeal for him to ſuch a height, as to be- Tc 
ere him not ignorant even of thoſe things which, are a- 
hove the reach of human reaſon. Religion at this time 1 
was mere than ever united with philoſophy, which could If 
not fail to produce the utmoſt conſuſion in the one, and . a 
ignor ance in the other, ſince both their nature and end >< 
are extremely different. . ; 
A chaos of vain and uſeleſs diſputes, a chain of unin- © | 
telligible definitions, a blind zeal ſor wrangling, anda ſtill * 
blinder devotion for Ariſtotle whom they called, by way of : 
| 0 
vately to Chalcis, where he pleaded his cauſe at a diſtance by writ. F 


ing, which was the ſafeſt way he could take; tor his accuſers were | 
a ſet of men who would never have let him been at reſt. Others af- 7 
firm that he was driven from Athens for the goodneſs of his morals. + | 
Some authors report, that this philoſopher drowned himſelf in the 7 
Euripus, a narrow ſea ncar Eubza, becauſe he could not find out 
the reaſon of its ebbing and flowing ſeven times a day. But the more 


35 
received opinion is, that his very great application, in the ſtudy of 
this pha nomenon, brought an illneſs upon him, which occaſioned 
his death. See Bayle's lite of Ariſtotle in the general dictionary, ky 
vol. II. | 1 

* The French, who took Conſtantinople about the 13th century, 
having brought the books of Ariſtotle into the: own country, his 
doctrine began to be publickly taught in the unive ſity of Paris, and 
continued ſo for ſome time. But Arnaury a ſtudent of that univer- 7 
ſity, having advanced ſeveral obaoxious opinions, and endeavourcd 

: to defend them from the principles of Ariſtotle, the phyſics and 
1 metaphyſics of that philoſopher were burnt by order of a council 3 
i held at Paris in 1209, and the reading of them prohibited under pain 


3 i of excommunication. This Prohibition was confirmed about the 

—_— year 1215, by the Pope's legate, who was employed to reform the 

_ univerſity of Paris; but he allowed the logic of Ariſtotle to be? 
| taught. Gregory VII. renewed this prohibition in 1231, but with} 

_ this addition, that he only forbid the reading of Ariſtotle's works 
8 till they ſhould be corrected. In 1261, Simon the legate of the ſee 
—_ of Rome in his reformation of the univerſity confirmed the regula- 
tion of the year 1215, relating to Ariſtotle's writings without men- 
tioning the correction of them. But in the reformation of the uni- 
verſity in 1366, this philoſopher's phyſics, as his other works, were 
allowed to be read. Vid. Father Rapin's compariſon cf Plato and“ 
Ariſtotle; Du Pin's Nouvelle bibl. etc. "i 
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er-. diſtinction, the philo/opher, or a ſecond nature, and above all a 
hs : certain jargon of indeterminate, obſcure and hard expreſſi 
a. ons, either without any meaning, or confuſed, overſpread, 
me like a deſtroying deluge, the face of che whole earth, and 
11d for many ages uſurped the pompous name of ſcience, As 
ng among the Chineſe he is eſteemed the molt learned, who 
nd can read and write more words and figures than the reſt, 
ſo he was counted to have moſt learning amongſt us, who, 
in. in a particular habit, could pronounce in certain places, 
Kin and with certain geſtures, and ſeemed to underſtand the 
y of © greater number of expreſſions in this vain and pedantic 
2 jargon, The diſtincdtions and anſwers might be as eaſi!; 
-rit. foreſeen by any one who had a little examined their me- 
N moirs, as the turns of muſic in country ſerapers, or the 
_— Z jingling of rhyme in bad poets. Such were the vails under 
e 1 which they hid, from the eyes of the world, that ignor- 
ore aAnce which very often they could not hide from themſelves. 
Ae : The pride of ſchools was ſupported by the noiſe of empty 
ary, 5 words, and the tyranny of names. It was imagined that 
ory, 4 they really contended for truth, but theſe gray headed 
hi children in reality amuſed themſelves only in fighting with 
er. bubbles. e | | 
e 4 This obſtinate veneration for the antients, which for a 
mei 3 long while paſſed among the philoſophers as hereditary 
69% from one generation to another, was the cauſe that the 
the i knowlege of phyſics made little or no progreſs till the laſt 
>." age. At length, among ſome few others, who were to 
orks fall as it were martyrs to reaſon, there appeared in Tuſ- 
. cany a perion named * Galileo, who had the courage not 
1en- | 
uni⸗ * Galileo was born at Florence in 1564. He was put into the 
vere 30quilition for maintaining the diurnal motion of the earth, and 
and allerting the fun and not the earth to be the center of the world. 


Theſe pro;;ofitions were condemned by the Inquiſitors as falſe and 


heretical, He was not diſcharged till he had promiſcd to renounce 
C 2 
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30 DIAL 1. 
not only to ſay, but what is worſe, to demonſtrate with 
the cleareſt evidence, that men, who had perhaps for ſixty 
years been honoured with the title of doctors, or ſat in the 
chair of philoſophy, had taken very great pains all their 


life long to know nothing, All this boldneſs coſt him 


dear; for to venture to make uſe of his reaſon was the 


ſame thing as reproaching them with the general abuſe 
they had made of theirs; and to endeavour at the promo- 


tion of knowlege was as dangerous as an attempt to change 
the boundaries of antient Rome, which the Augurs took 
ſuch a religious care in the preſervation of. After ſuch 
a courſe of ages, he ſhewed them what ought to have 
been done at firſt, and began to make a ſearch into nature 
by obſervations and experiments, reducing himſelf to that 
ignorance which is uſeful for arriving to ſome knowlege 
at laſt, | 

I think it not improper to call this man the czar, Peter 
the Great, in natural philoſophy : each of them had to do 
with a nation pretty near the ſame character. No one 
people ever uſed ſuch endeavours for knowlege, as the 
Muſcovites did to know nothing. They forbid all ſtrang- 
ers to come into their country, and all the natives to go 
out of it, for fear they ſhould introduce ſomething new, 


his opinions, and not to defend them either by word or writing, or 
inſinuate them into the mind of ary perſon. Upon his publiſhing 


his dialogues upon the two chief ſyſtems of the world, the Coper- 


nican and Ptolemaic in 1632. he was again cited before the holy 
office. The ſame year the congregation convened, and in his pre- 
ſence pronounced ſentence againſt him and his book, committing 
him to the priſon of the holy office during pleaſure, and commanding 
him as a ſaving penance for three years to come and repeat once a 
week the ſeven penitential pſalms, but reſerving to themſelves the 
power of moderating, changing, and taking away, altogether or in 
Part, the above mentioned punithment and penance. He was diſ- 
charged from his confinement, in 1634, but the impreſſion of his 
dialogues of the ſyſtem of the world was burnt at Rome. Vid. the 
general dictionary. | 


RI 
pls 5 
i oy 


* * ” 
ö * W 
T 


PS fs 
7 18 Th 7 x + 6,5 : * 8 Mo 8 
DT TT CS ER fa GEN Eg 
= 


* © a Fae et 
4 8 N her 9 5 
Mata r eo SOOT WW; 
* & 3 Ny I ” 8 — . 3 5 * 
- I, Eh at 2 5 ry 3 p 3 = 3 n r 
„ r x 8 * " 


3 
SB 
5 2 
. 
2 $566k 
8 
X 
7: 
Fa 
* 
5 


1 2 N 
e * 


Fa 


$7 
; 


On LiGnT and COLOURS, 31 


Thus was it with theſe philoſophers, who, jealous of their 
= tenets, renounced every experiment, and more certain de- 
1 monſtration of the moderns, rather than introduce any 


© novelty or reformation into their own ſyſtems: but as force 


9 has generally more influence upon men than reaſon, the 


f N 
5 


Car compaſſed his deſigns ſoonen than Galileo, who was 
at the ſame time obſtructed by another ſpecies of philoſo- 
phers, who were by ſo much the more formidable as they 
too deſpiſed the antients, which now began to be the 
faſhion, and aſſerted things in oppoſition to them of which 
every one had a clear and diſtin& idea. They introduced 
exactneſs and order in writing, which were then as un 
common as they are natural and neceſſary, and by means 
alone of certain motions and figures, which they knew 
how to give to bodies at proper times and on proper occa- 
ſions, promiſed to unfold what ſeemed the moſt unexpli- 
cable in nature. You may eaſily imagine that the mag- 
nificent promiſes of theſe philoſophers, which ſo agreeabiy 
flattered the ambition of the human mind, which Galileo 5 
obſervations ſerved rather to humble, joined to a certain 
ſimplicity that gave ſuch an air of wonder to their ſyſtems, 
as it does to a well concerted romance, mult naturally ſe- 
duce many people, and form a ſet. And it indeed had 
this effect; ſo that theſe moderns too began to have expc- 
ſitors, and followers as obſtinate and zealous as thoſe of 
the antients had been before; and theſe made themſelves 
the more ridiculous by laughing at the ſame fault in others. 
But it was a melancholy thing to ſee an experiment ſome- 
times offer itſelf, which had never before been known er 
thought on; and the fineſt and molt artificial ſyſtems, 


which had perhaps colt their inventors whole months or 


labour and ſtudy, ſhamefully fall to che ground. 
8 | 
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In order then to avoid theſe ſorrowful reflections, ſaid 


the marchioneſs, it is neceſſary for thoſe, who would form 
a ſyſtem in any thing, to be careful firſt to take notice of 


all that is obſervable in it, that it may not be expoſed to the b 7 


mercy and inſults of experiments. This is exactly what 


the Newtomans ſay, anſwered I; and certainly, madam, 
you mult have ſome ſecret intelligence with them to be ſo 
well informed of their ſentiments, It would be ridiculous 
for a mechanic to take it in his head, to gueſs how the fa- 
mous clock of Straſbourg is made within fide, if he had 
not firſt acquainted himſelf with the outſide, the manner 
in which it ſtrikes, and thoſe many other things it does be- 
ſides telling the hour. Thus, ſay they, if we can ever 
hope to make ſyſtems that carry ſome appearance of being 
durable, it will be then only when by the means of experi- 
ments and obſervations we ſhall know all, that in terms of 
art is called phenomenon, which ſignifies the appearance 
of chings, and the laws which reſult from theſe phænomena, 
and by which nature conſtantly performs all her operati- 
ons. How then could Des Cartes, for example, who was 
the chief author of this enterpriſing ſe& of philoſophers, 
make a rational ſyſtem concerning light and colours, when 
he was entirely ignorant of ſo many of their qualities, 
which Sir Iſaac Newton afterwards diſcovered by obſerva- 
tions? How could he form the ſtatue, when he had not 
the marble? This is the manner in which the reſt of the 
philoſophers of our time, and thoſe learned ſocieties, found- 
ed and maintained by the liberality of princes, or the ge- 
nius of nations, proceed : they make obſervations and pre- 
pare materials for polterity to build ſyſtems upon, more 
fortunate in their duration, than thoſe that preceded the 
preſent age, This proſeſſion indeed is not ſo pompous as 
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that of thoſe who will build you a world in a twinkling of 
an eye; but on the other hand it has this advantage, that 
it is able to make good its promiſes, which is as great an 
obligation upon a philoſopher, as a miſtreſs, 

I, who am a woman, replied the Marchioneſs, confeſs 
that I love thoſe who have the courage to venture upon 
grand and difficult enterpriſes. Is not this the reaſon why 


we intereſt ourſelves ſo much in the adventures of heroes? 


The courage of thoſe philoſophical heroes has ſomething 
ſublime and ſuperior in it: if they do not attain to all they 
promiſe, muſt there not be given ſome indulgence to the 
imperfections of human nature? On the other hand, if, 
as you ſay, there cannot be any good ſyſtems, till all the 
phænomena are fully known, when ſhall we have them? 
They will happen as ſeldom with us, as the ſecular games 
anciently among the Romans: and I cannot flatter myſelf 
that I ſhall live long enough to ſee ſo much as one in my 
time. I muſt be contented then with thoſe ſyſtems that 
we have, be they what they will. I believe, Madam, an- 
ſwered I, that no one could have more ſpecious reaſons to 
allege in favour of trifles. I ſhould ſerve you right, if I 
put you on proving theſe reaſons; but as I will act more 
mercifully with you, than you perhaps would with regard 
to me, ſince you have a mind that we ſhould reaſon away 
that time, which might be better employed on pleaſure, 
I will not make ule of that right which theſe reaſons of 
yours give me, to propoſe to you {ſeriouſly the important 
queſtions, whether light be a ſubſtance, or an accident, 
or an act of the pellucid, as far as it is pellucid ? Whether 
colours are the firſt configurations of matter, or a certain 


little flame that ariſes from bodies, whoſe parts are * 


portioned to our ſight? 1 might gravely aſk you too, that 
you may lee how many things I ſpare you the trouble of 
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conſidering at once, whether light, or its ſpirit, be the 
ſoul that Plato places between nature and ideas, to con- 
nect the ſenſible and intellectual world? and whether it 
was for this reaſon that Plato repreſented the element of 
fire, which is the ſeat of light, under the figure of a py- 
ramid, which in ſome meaſure agrees with that ſublime 
and myſtic triangle which is the ſymbol of the ſoul? idle 
enigmas of the learned ignorance of paſt ages! and who 
can tell but if you had fallen into other hands than mine, 
you might have been ſet a yawning with ſome gothic paſ- 


ſages out of Dante? Or perhaps by this light, you would 


have been gradually conducted to divinity; at leaſt you 
could not have got free from an explication of the myſtic 
ſenſe hid under the fable of Prometheus, who ſtole light 
from the ſun to animate his ſtatue, 

I ſee, ſaid the Marchioneſs, that philoſophers are to be 
dealt with in a very circumſpect manner, who know how 
to improve every thing to their own advantage. You aR 
juſt like tyrants, who think they confer a great favour on 
any one, whom they have not injured, However, I am 
much obliged to you, for ſparing me the trouble of hear- 
ing all theſe fine things, which, I conteſs, are quite above 
my underſtanding. 

Let ns fee, anſwered l, whether you can underſtand 
the doctrines of ſome among the ancients who were more 
prudent and humane than the reſt, Theſe laboured to 
explain every thing by a vacuum, and the motion and fi- 
gure of certain very little particles, which they called a- 
toms, and from thence gave their ſchools the name of ato- 
miſts, which was perh..ps the molt antient ot all other ſects, 
and lately tried by the iplendor of eloquence to riſe upon 
the ruins of the Ariſtotelian, in oppoſition to that of Deſ- 
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cartes. Theſe philoſophers aſſerted that the light of the 
ſun, for example, was nothing but a perpetual and copi- 
ous ſtream, of the very little particles, or atoms, which, 
flowing from the ſun himſelf, ſpread themſelves every way 
with an incredible velocity, and fill the immenſe aerial 
ſpace ; ſo that light is always followed by new light, and 
one ray is as it were impelled by a ſecond. You may eaſi- 
ly underſtand this by the ſimilitude of a fountam,—T un- 
derſtand it mighty well, interrupted the Marchioneſs, with- 
out the fountain; but I am greatly afraid that theſe ato- 
miſts of yours, by making ſo many particles continually 
proceed from the ſun, will at laſt turn ſome fine day into 
midnight, Truly, anſwered I, that would be playing us 
a villainous trick, which no one would get any thing by,. 
unleſs perhaps ſome few beauties, who would then always 
be ſeen by candle light : but do not fear it. Revolutions 
of this importance require more time to be brought about, 
than the revolution of a monarchy. And beſides, theſe a- 
tomiſts give us ſo great a ſecurity that it would be a ſhame 
to dread it. For, in the firſt place, they tell us, that the 
rarity and incredible ſmalneſs of theſe little particles that 
proceed from the ſun, which ſun they make to be of a 
denſe and cloſs matter as you will ſee hereafter, in a very 
long courſe of years will produce only a very little dimi- 
nution in his light. And to make you ſtill more ſecure, 
this may be confirmed by the example of a little grain of 
colour, which is ſufficient to tinge a very great quantity 
of water, An example, drawn from odorous bodies, may 
ſerve to ſhew you how very much the parts of matter may 


be ſubtiliſed; as for inſtance, a grain of muſk, which, 


though it continually emits a prodigious quantity of parti- 


cles, yielding a perfume ſo ſtrong and quick, that at a certain 
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diſtance it is able to ſtupify ſerpents of a monſtrous ſize, 
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and quite deprive them of motion, yet in a conſiderable Wy 
time its weight is but very little diminiſhed. And am- Te 
ber-greaſe, in the ſame manner, for a long while loſes | * 

| hardly any thing of its agreeable ſcent. From light's paſ- — 

, | ſing through the denſeſt bodies, ſuch as diamonds, and 1 

2 gold when it is beaten into thin plates, we muſt neceſſarily 15 

| infer, that the particles of light are extremely ſubtile, 

| L All this is mighty well, replied the Marchioneſs ; but 1 

j that ſuch a quantity of light ſhould continually proceed 


from the ſun, as is ſufficient to fill and illuminate the 
whole world, puts me into terrible apprehenſions, not- 1 
withſtanding all your fine examples of muſk, amber greaſe, _* 
and diamonds, | | 8 
Have not you ſome inclination, anſwered I, to the * 
learned melancholy of the inhabitants of Dean Swift's fly- 
ing iſland? who in the moſt poetical allegories has given 
us the moſt philoſophical ſatire upon mankind, This iſl- 
and, which in the language of the country is called La- 
puta, as it is different from all that have hitherto been diſ- 
covered by our voyagers, ſo it is inhabited by a very ſin · 
gular ſpecies of men: always abſtracted and immerſed in the 
profoundeſt ſpeculations, they give themſelves up to ſpleen 
and the mathematics, ſo that they have always need of a 
Flapper, who, by ſtriking them from time to time with a blad- 
der, may bring them back to the world below; their know- 
lege fills them with thoſe continual fears and diſquietudes 
which the vulgar by a happy privilege of their 1gnorance 
are quite free from. They are afraid that a comet, by 
approaching a little too near the earth, may in an ſtant 
reduce us to aſhes; or, that the ſun one day or other will i 
ſwallow us up; or, that this immenſe ſource of light and {0 
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| þ heat will at length be exhauſted and leave us involved in a - 
f 1 profound and eternal night. May not your fears, Madam, | 
9 8 be ſaid a little to reſemble thoſe of the Laputian ſchool ? 
ah As to the fapper, anſwered ſhe, I have nothing to do 
AA with that, eſpecially when I am with you. But do you 
3 not think that there is ſome reaſon for me to be frighted : 
ant the terrible threatening of a perpetual night? Ought 
> you not rather to think yourſelf obliged to me for intereſt- | 
b ing myſelf ſo much in the cauſe of light, which you have | 
> made your heroine? It would be quite ſhameful that I | 
ſhould ſhew more regard and concern for it, than your- | 
ſelf. You ſhall ſee, Madam, anſwered 1, that theſe ato- ; 
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miſts have taken care to ſecure your repoſe, and preſerve 
what you ſhew ſuch a regard for. They will find you a 
method to recruit the ſun with that facility which a phi- 


5 loſopher is maſter of, who knows how to make all nature 
: ſabſervient to his ſchemes. They will make the ſeeds of 
1285 light and heat, which are diffuſed through the univerſe, 


cContinvually return back again into the ſun, in order to re- 
: 1 pair his loſſes. They will place ſomething round him 
> with which he is ſuſtained and reſtored juſt as a lamp is 


fed by vil or ſome other matter. We will call certain ſy- 
ſtems to our aſſiſtance which will lend us comets that from 
time to time ſhall fall into the ſun and yield him freſh ſup- 
plies: and if this be not ſufficient, we will have recourſe 
to ſome philoſopher, who may find means to make a tar 
fall into him. And if you have not confidence enough in 
human ſyſtems, we will call a celeſtial one to our aid, re- 
vealed to Adam by an angel in Milton, who aſſures us, that 
the ſun draws his aliment from humid exhalations, and in 
a regular manner takes his ſupper every night with the 
ocean, Will you have any more? No, no, faid ſhe, the 
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one half of theſe things is ſufficient to diſſipate the fears 
of a Laputian himſelf. And I hope there will be no need 
at preſent to trouble any philoſopher, much leſs a ſuperior 

I wiſh, anſwered I, that your fears may never extend 
to any thing farther than philoſophy, and that your beau- 
ty, as it has many other qualities in common with the ſun, 
may have a common duration with him. But I am ex- 
tremely glad that ſince I have delivered you an opinion 
which at firſt ſight gave occaſion to your fear, it is capa- 


ble too of diſſipating that fear: as you are ſo very ſubje& 


to be frighted at every trifle, 'I do not know what would 
have happened, if I had told you the opinion of a famous 


antient, who affirmed the ſun to be a mirror formed of a 


ſubſtance reſembling the moſt poliſhed chryſtal, that ſends 
and reflects the light to us, which is tranſmitted to all parts 
of the univerſe, and there unites, What hopes ſhould we 
have of finding proper materials above, to repoliſh this 
mirror, if it ſhould ever happen to be ſullied and grow 
dim? Let him, replied the Marchioneſs, who made the 
ſun. a mirror, contrive how to repoliſh it when it ſhall want 
it, I had rather imagine it to be the ſoul of the world, 
and to be itſelf the ſource of light, You ſhould have ad- 
ded, that it is the ſource of colours too, anſwered I, ſince 
without light theſe entirely vaniſh and are no more. Say 
rather, replied the Marchioneſs, that they are no longer 
viſible, Will you tell me that an hour after ſun- ſet, there 
are no colours in this picture? I ſhould be glad to hear 
you prove to me that the picture too is vaniſhed for the 
fame reaſon, becauſe it is no longer viſible, The picture, 
anſwered I, and che canvas ſtill remain, and upon it cer - 
tain diſpoſitions in the figure and texture of thoſe atoms, 
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bf which the chalks that are made uſe of in the painting 


are compoſed. And theſe diſpoſitions, at the approach 
of light, will again make the colours mezzotintos and 
chiaro oſcuros, appear upon the canvas, and: reſtore to 
your ſight a commanding beauty, a flight of pillars, a ver- 
dant meadow, or the opening bluſhes of the morning. 
In the dark all theſe objects vaniſh, as they are the re- 
ſalt of a combination of thoſe diſpoſitions and light to- 
gether. I might allege the authority of Virgil upon this 
occaſion, who informs us, that objects loſe their colours 
at the approach of night. Lucretius*, who, in the moſt 
elegant verſes, has given us a body of this atomic philoſo. 
phy, makes us apprehend moſt terrible conſequences from 
a ſuppoſition that bodies and their principles are endued 
with colour, For, ſays he, 

Seeds are colourleſs without a dye, 
For either this cannot to ſeeds agree: 
Or ſeeds are not immortal all and free 


From change, and therefor things may fall to nonght. 


| CREECH, 

You give me conſequences and verſes, ſaid the Marchi- 
oneſs, when I want evidence and explications, Deſcartes, 
anſwered I, will afford you enough of this, who has diſ- 
cuſſed this matter much more fully than Lucretius. His 
principles are different, but in this point he agrees with 
the atomiſts. But you want ſyſtems, and I muſt ſatisfy 
you: you ſhall ſee the moſt daring products of imagination, 
which have for ſome time deceived thoſe, who aſſumed 
the pompous title of ſearchers after truth. The illuſion 
's at length vaniſhed, and philoſophers are grown more 


* Proinde colore cave, &c Lucret. 
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cautions and difficult, and examine one another with more 
violence than the Egyptians did their dead before they 
would allow them the honour of ſepulture. Come, ſaid 
the Marchionefs, explain me this ſyſtem of Deſcartes. 1 
ſhall not be ſo difficult as not to receive pleaſure from it, 
even if it be ſuch a one as you make me expect. It is pity, 
Madam, anſwered 1, but that every thing ſhould from 
this time be propoſed to you under the form of a philoſo- 
phical ſyſtem, 

Suppoſe to yourſelf, that all the matter, of which this 
whole world is compoſed, was ſrom the beginning divided 
into exceeding ſmall and equal particles, of a figure nearly 
reſembling a dye. Suppoſe too, that ſome of theſe par- 
ticles turn round one point, and ſome another, and that 
at the ſame time they all turn round themſelves like a 
wheel, which, while it is moving to any particular ſpot, 
makes many revolutions about its ſelf. The points about 
which theſe particles turn are the ſtars, the moſt luminous 
and ſhining points in the univerſe, and which will help 
you to conceive it full of vortices, for this is the name that 
is given to any maſs of matter that is whirled round a point 
or common centre, juſt like the circles of water in à river, 
or the duſt that flies when it is agitated by the wind, I 
believe you will not ſcruple to grant the ſun a vortex of his 
own upon my aſſertion, ſince he is not at all inferior to 
any of the ſtars. If you defire it, anſwered the Marchi- 
oneſs, I will go farther, and allow him the largeſt and 
moſt magnificent vortex in the world, For I think he 
highly deſerves it, to whom we have fo many obligations, 
Philoſophy, anſwered I, is leſs intereſted, and has no more 
partiality for the ſun, than for the leaſt ſtar in the milky 


way. It is ſufficient if you grant the ſun a vortex, be it 
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what it will, From this vortex, you ſhall ſee the ſun him- 
ſelf ariſe; for hitherto I have ſuppoſed him and the ſtars 
to exiſt, the better to aſſiſt your imagination; and with 
the ſun, all the charms of /izhz and colour, and I know 
not what beſides. In ſhort, it is like an inchanted palace, 
where you have only need to atk what you want, and it 
will appear in an inſtant, | 

What I have granted you is ſo little, replied the Mar- 
chioneſs, that 1 cannot flatter myſelf with the hopes of ſo 
great a happineſs as you flatter me, The mathematicians, 
anſwered I, are ſaid to reſemble lovers. If what you 
grant them at firſt be ever ſo little, they know how to 
make ſo good an advantage of ir, as to lead you inſenſibly 
farther than you ever imagined. Now you are to conſider 
that this philoſopher, to whom you have granted what 
you think ſo ſlight a conceſſion, was a mathematician. 1 
have as little ſkill in the artifices of love, ſaid the Marchi- 
oneſs, as in thoſe of philoſophy and mathematics, But it 
is inconceivable to me that any thing reaſonable can be 
produced by theſe vortices, which after all are nothing 


but collections of extremely ſmall particles, that keep whirl» 


Ing round a point at the ſame time that each of them turns 
round itſelf. They may, whirl on for ever, and 1 believe 
that will be the chief of their buſineſs, Who would ever 
have imagined, anſwered 1, that the accidental meeting 
of a hero and heroine in a romance, and a certain 7e xe 
ſcai quoi, that he diſcovers in her, could have ſupplied 


matter for twenty volumes? and yet there are many in- 


ſtances of this, perhaps too many, in a nation very near 
our own, And without giving the heroes any trouble in 
this affair; what an infinite number of things might there 


be produced from that Fe ne ſgai gui, that every one ſees 
=” 
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in you? — Let us ſee at preſent, ſaid the marchioneſs, 
what Deſcartes* v5rtices will produce; for after theſe 
twenty volumes, I ſhall begin to think every thing poſſi- 
ble, 

Theſe particles then, continued I, in the figure of a 
dye, which you now begin to have a better opinion of, 
whirling in this manner round themſelves, muſt make 
terrible colliſions, and, conſequently, break the angles or 
points of each ; which deprive them of a power of turning 
freely round themſelves, You know, Madam, that, if 
any thiag be taken away from the corners of a dye, it will 
grow round, and in proportion as the angles of what re- 
mains of the dye keep ſucceſſively diminiſhing, it will 
gradually approach ſtill nearer to the ſhape of a ball. And 
this you are to believe was the caſe with theſe particles, 
which by continually ſtriking againſt one another, were 
at length changed from their firſt figure of a dye, to that 
of ſo many little balls or globules. The matter which a. 
roſe from the ſhavings of theſe angles, and which by its 
continual colliſion mult neceſſarily be reduced into very 
imall and volatile particles, did not remain idle, but had 
its proper office. It immediately declared open war againſt 
the vacuum of the atomiſts, and threatened to deſtroy and 


baniſh it from the univerſe, wherever it was to be found, 
The firſt undertaking of this matter was to fill up thoſe 
little voids which otherwiſe would have remained between 
the globules; for though they touched one another, yet 


there muſt have been ſome empty ſpaces between them 
_ ariſing from the nature of a globular figure. But with- 
out the aſſiſtance of this matter, there would have remain- 
ed a much more conſiderable void in the centre of the 
vortex. The globules were reduced to a much ſmalier 
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ſiꝛe than they were at firſt; and were proportionably re- 


moved from the centre, by a law common to all bodies 
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moving in a circle; which recide as far as they poſſibly can 
from that point about which they turn, This matter then 


run into the midſt of the vortex in order to fill the centre of 


it, and began itſelf to turn round together with the globules, 
and animate the reſt of the vortex. This ſubtile and volatile 
ſubſtance, which is called the matter of the firſt element, or 
the ſubtile matter, forms nothing leſs than the ſun and ſtars 


in the centre of the vorticess as the globules that turn round 


them, and which are called the matter of the ſecond ele- 
ment, furniſh matter for the heavens; and though the 
CARTESIANS have deprived it of that tranſparency and 
adamantine ſolidity that formerly rendered it ſo venerable 
among the antients, they have taken care however to a- 
tone for this injury, by making it the original of light, 
and by this means it has gained more than it loſt, 

What, cried the marchioneſs, are we got already to 
the origin of light ? Your heroes and their twenty volumes 
have made a very bad uſe of their time, compared with 
us. If you give a farther attention, anſwered I, you will 
find they have made a much worſe uſe of it, even than 
you believe. The ſyſtem of Des Cartes preſents you a 
ſcene, ſuch as, I believe, you never beheld in the fineſt 
and moſt ſplended opera. The whole extent of the uni- 
verſe is ſown and filled with innumerable vorticer joined 
to one another of different fize and figure, but all of them 
nearly round, Theſe keep each other in a mutual equi- 
librium by their reciprocal preſſure. In the midſt of every 
one of theſe vortices is a ſtar or a ſun, that is to ſay, a 
large ball of /ubti/e matter that ſtrives to dilate itſelf, and 
preſſes the vortex all round. This preſſure of the ſubtile 
communicated to the globular matter, or that of the ſecond 
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element, gives birth to 10. according to the opinion of 
Des Cartes. The different bigneſs of the ſtar, and much 


more its diltance from us, cauſe the light of it to appear 5 


more or leſs lively to our fight: and hence it is that the 1 


ſplendor of the ſun in whoſe vortex we are 

— with ſuperior blaze 

Dime the pale luſire of the ſtarry rays. 

It is believed that Syrius, though his diſtance from us 
be more than two millions of millions of Engliſh miles, 
according to the calculation of a celebrated mathematician, 


is yet the neareſt ſtar that we have; becauſe it appears 


larger than any of the reſt, and its lively and ſparkling 
light makes the longeſt reſiſtance againſt the dazling ſplen- 
dor of the ſun. 
I ſuppoſe, ſaid the Marchioneſs, that out of partiality 
to your Syrius, you omit that ſtar which the peaſants call 
Diana, and the poets the harbinger of the riſing day, and 
to whom, comparing earthly with heavenly things, they 


give the ſame honours as to Aurora. You mult take care, 
_ anſwered I, not to confound two things together, which 
are very different from each other, as a body that is lu- 


minous in itſelf, and one that derives all its ſplendor from 
another; or in other words, a ſun and a planet. It is 


true, that all the planets, as Venus, which in the language | F 


of aſtronomy 1s the ſame as your Diana, Mercury, Mars, 
Jupiter, Saturn, and our earth itſelf, were antiently fo 
many ſuns, and may, perhaps, for who can penetrate into 
the ſecrets of tuturity ? hereafter be again reſtored to that 
honour. I have not yet mentioned to you another ſpecies 
of matter which is called the matter of the third element, 
and which has occaſioned the greateſt and moſt remarka- 


ble revolutions that are left upon record in the annals of 


the Garteſian philoſophy, Among the particles of that 
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fubtile matter of which the ſun is compoſed, there are ſome 


that by their rugged and irregular figure unite and cling 


together, and by theſe means form maſſes that are ſome- 


times bigger than our earth. Theſe maſles are driven 
away from the ſun, and repelled to his ſuperficies. The 
preſſure that communicates itſelf from the /ubti/e to the 
globular matter, or in other words, the light is interrupted 
in that part of the ſun's ſuperficies where theſe maſſes are 
placed, and from hence they appear to us as fpots, which, 
turning round with the ſun, eclipſe part of his ſplendor 
and glory, Flattery perhaps made certain courtly aſtro- 
nomers take theſe ſpots for little planets, that get betwixt 
the ſun and us, and made uſe of them to tranſport the 
families of thoſe princes to heaven, from whom they ex- 
pected ſome little penſion on earth in exchange for the in- 
veſtiture of a thouſand planets which they with great 
confidence promiſed them. Philoſophical politeneſs tranſ- 


formed theſe maſſes into patches upon the ſun's face; if 


you are better pleaſed with the idea under which they 
were repreſented to the queen of Pruſſia by the famous 
Mr. Leibnitz, who thought that philoſophical terms ſhould 
be ſoftened for the ear of queens. The thing is too ſerious 
to bear a jeſt, ſaid the Marchionels ; patchegas big as the 
earth might quite demoliſh a face. 

Hitherto, continued I, ogr Tun has been lucky enough 
to eſcape this misfortune, {The motion and agitation of 
the ſubtile matter breaks 4þd diſſipates theſe maſſes as faſt 
as they are formed. There once appeared one of theſe 
ſpots, which darkened the fifth part of the ſun's diſk, This 
was a molt enormous and terrible bigneſs, enough to make 
aſtronomers tremble, and the whole world melancholy, 
The ſun at laſt diſengaged himſelf, and got the better of 
it, fo there is now no reaſon to fear any ſuch unlucky ac- 
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cident; but all the other ſuns were not born under ſuch 
favourable circumſtances. There are eertain ſtars which 
are conſiderably diminiſhed, ſo that what has formerly 
been placed by aſtronomers among thoſe of the ſecond 
magnitude, 1s now ſcarce worthy of being reckoned a- 
mong thoſe of the ſixth. This muſt be aſcribed to theſe 
ſpots which by length of time are ſo increaſed, as to form 
a ſort of cruſt almoſt over the whole tar, and conſequently 
weaken its light, 

On the other hand, ſaid the Marchioneſs, might not 
certain ſtars arrive to a greater magnitude, if the agitation 
of the ſubtile matter was ſtrong enough to diſſipate part 
of their cruſt ? You are throughly poſſeſſed, Madam, an- 
ſwered I, with the ſpirit of Carteſianiſm: this ſect places 
its glory in conjectures, and you have made a very good 
one. But what a terrible deſolation would it make in the 
poor ſtar, if this cruſt ſhould entirely cover it. as it too 


often happens, and ſhould be ſtrong enough to reſiſt the 


force of the ſubtile matter that ſtrives to break and diſſipate 
it! When this is the caſe, we may bid farewel to the ſun 
or ſtar which has loſt that place of honour which it be- 


fore held in the univerſe. Its light is ſuffocated by the 


cruſt, and from a luminous and ſplendid body, it becomes 
dark and cold. The force of its vortex is conſiderably 
weakened as it aroſe from the ſabtile matter, which has now 
no communication with the globular. The equilibrium 
is broke, and conſequently its vortex deſtroyed. Some one 
of the neighbouring ſtars carries it away with it, and now 
become a planet, it is forced to whirl round at the mercy 
of the moſt powerful. Theſe are the molt remarkable me- 
tamorphoſes that can poſſibly happen, and to which our 
metaphorical ſuns here below are no leſs ſubject. When 
theſe begin to loſe their luſtre and have nothing left to 
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feed that paſſion which ſo agreeably Aatters the pride of 
the fair ſex, and which ought to be the ſubje& of your 
philoſophy, they are carried away and become ſlaves to 
another, which for their conſolation they call virtue. Our 
fallen ſuns, anſwered ſhe, have at leaſt the advantage in 
this, that they acquire a fine name, and under the ſhelter 
of that they with great authority condemn what is no 


longer in their power to practiſe, and in ſome meaſure re- 


cover their loſt empire. But what conſolation is there for 
a miſerable ſun above, when it is inveloped with a cruſt, 
and changed to a planet? The conſolation, anſwered I, of 
not having an odious and imaginary empire after having 
been poſſeſſed of an amiable and real one; the conſolation, 
in ſhort, of not growing like an old Sybile after VINE: re- 
ſembled one. 

This miſerable metamorphoſis of a ſun to a planet, ac- 
companied however with ſome degree of conſolation, is pro- 
bably what happened to a fine ſtar which we have entirely 
loſt in the conſtellation of Caſſiopeia; and this too, accordin 2 
to the Carteſian ſyſtem, was the fate of our earth, which 
was once empreſs of an extenſive vortex crowned with light, 
and one of the brighteſt eyes of heaven; but at length in- 
veloped with a deformed cruſt, unhappily loſt its power 
and ſplendor, and was carried away by the immenſe 
vortex of the ſun, as a ſtraw in a river by the impetuo- 
ſity of a whirlpool. In the ſame manner, the other pla- 
nets that revolve about him, Jupiter, Saturn, Mercury, 
Mars, Venus, fell victims to his ſuperior power; nor could 
even the comets eſcape, though theſe are planets of a pe- 
culiar nature which keep rambling from one vortex to ano- 
ther, and like certain people among us here below, rove 
from one country and government to another. And theſe” 
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vortices are the grand machine invented chiefly by Des 
Cartes, to guide the planetary dance round the ſun, 
Is the earth then, replied the Marchioneſs, after a ſhort 


pauſe, like the other planets obliged to dance round the 


lun? And do all the mighty preparations, you made with 
your matter of the third element, amount only to this ? 


The earth, anſwered I, does not need that concern which 


you ſhew for her degradation from a ſun to the inferior 


rank of a planet; ſince by this means ſhe was deſtined to 


give birth to you, who are but another name for the moſt 
charming thing, that all the vortices of the univerſe put 
together could ever have produced. 1s not this a ſuffici - 
ent compenſation for her loſs? If it was in the power of 
gallantry, anſwered the Marchioneſs, to make her amends, 
yours would certainly do it. But what can ever free her 
from the diſgrace of being obliged among the croud of o- 
ther planets to whirl round the ſun like a ſtraw, agitated 
by the caprice of a whirl- pool? I am ſenſible that you phi- 
loſophers look upon the earth with great indifference, and 
ſuffer it to turn round without regret ; but for my part 
Let it whirl round for this time, anſwered I, upon the 
word of Des Cartes. Hereafter if you have a mind to be 
convinced with pleaſure, we will read M. Fontenelle's dia- 
logues upon the plurality of worlds. There you will ſee 
a Marchioneſs, who exactly reſembles you in every accom- 
Pliſhment of mind, and whom you have nothing to envy 
but her philoſopher. At preſent you are to look. upon 
the earth only as a compoſition of the matter / the third 
element, which renders it opaque, and as a body which 
no longer ſhines by its own light ; and by this means I be- 
lieve you will be pretty indifferent towards it. A gloworm, 
one of thoſe reptiles that glitter by night in the country, is 
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much more worthy your attention ; whatever is not lumi- 
nous is nothing to us. 8 

You have ſeen, continued I, what ſort of a thing light 
Is: you ſee too how the ſun may continually ſupply ſo great 
a quantity of light as he does, without any expence to 
himſelf, which is what gave you ſuch terrible apprehenſi- 
ons in the atomic ſyſtem. He has nothing to do but to 
preſs the globular matter, and this preſſure coſts him no- 
thing of his own, and ſince it is communicated on all ſides; 
we are to conclude that he is luminous quite round. The 
light, according to Des Cartes, is but a moment in pro- 
greſs from the ſun to us notwithſtanding the diſtance of a 
million of miles. The globules of the ſecond element are 
continued from the ſun to the earth, like ſo many ſtrings 
of beads, and touch one another. In the inſtant that the 
firſt in the ſtring moves, or endeavours to move, it muſt 
alſo endeavour to move the laſt, Juſt as a pole, though 
ever ſo long, in the moment that one end moves, the other 
moves alſo, 

The meaning of all this is, anſwered the Marchioneſs, 
that by means of theſe vortices philoſophers may make and 
give a reaſon for every thing. In a moment's time we 
have produced the ſun, ſtars, planets, comets, the earth 
and light, I ſuppoſe we ſhall form colours with the ſame 
facility. Nothing more eaſy to Des Cartes, I replied. As 


motion or a tendency to motion in the celeſtial matter, 


raiſes in us the ſenſation of light, ſo the different motions 
of. this matter excite in us the perception of different co- 
lours, which are nothing but certain modes in which bo- 
dies receive light, and afterwards tranſmit it to our eye. 
Theſe modes conſiſt in the increaſe or diminution. of that 
motion, by which the globules of light naturally turn 
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round themſelves, and which is called the motion of rota 9 f 
tion, Thus thoſe bodies, whoſe ſuperficies is diſpoſed in 1 t 
ſuch a manner as conſiderably to augment this motion F ; 
of rotation in the globules of light which fall upon them, 3 ' 
and are thence tranſmitted to us, appear to our ſight red: ; 
thoſe which increaſe the motion ſomewhat les, appear 20 


yellow : thoſe, which conſiderably diminiſh it, appear blue, 1 
and thoſe which diminiſh it in ſuch a manner that theſe 1 
globules turn round ſlower than uſual, appear green; 
and to conclude, thoſe bodies, that tranſmit a great num- 
ber of globules of light without altering their motion, ap- 
pear to us white, and thoſe ſeem black, which extinguiſh 
them, and as it were abſorb the light, Here then you 
have the origin of colours, do you deſire any thing more? 
| It is only ſpeaking ; the vortices are as uſeful to Des Cartes | 
| as the cocao- tree to the Indians, which ſupplies them with BK 
all they want. 1 

No, no, ſaid the Marchioneſs, let us at preſent confine 
ourſelves to colours: I need only increaſe or diminiſh the 
motion of rotation, in the (globules of light, in order to 
form the ſhades of a fine filk, and variegate the parterre 
of a garden with the different beauties of hyacinths, ane- 
monies and violets, in ſhort, to diverſify the face of nature 
Juſt as I pleaſe, Rather, ſaid I, if this increaſe or dimi- 
nution ſhould give you any trouble, you need only ſup- 
poſe the globules of light to be entirely deprived of all 
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Totation, which we will grant them only in the very ac- 
tion of variegating your ſilk or parterre, or in other words, 


| | in being repelled from the bodies upon which they fall. 
i! You may freely chooſe which of theſe methods ſuits yort 
1 beſt. Each of them will equally ſerve your purpoſe, Des 
Wl Cartes, ſeems to have had this too in common with the phy- 
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ficians, that he thought it unworthy his fruitful imagina- 


tion to confine himſelf to one ſingle method of making his 


deſigns ſucceed, Notwithſtanding your malicious inſinua- 
tion, replied the Marchioneſs, I think myſelf much obliged 
to Des Cartes for this copiouſneſs. I dare ſay it will not 
fail him in explaining how it comes to paſs that one body 
ſhould give the globules of light a certain rotation, and 
another body a different one. You are not confined here 
neither, anſwered I, but have free liberty of chooſing what 
method you like beſt for the explanation of the thing in 
queſtion, either different figures of thoſe particles of which 
the ſuperſicies of bodies are compoſed ; or their different 
diſpolitions, their different inclination towards each other, 
or their being more or leſs ſmooth, and a thouſand other 
things that you may imagine to yourſelf, By theſe means 
will your dextrous philoſopher compoſe not only the finery 


of ſilks, and the variegated beauties of a garden, but all 


the elegance of a Paul Veroneſe or the delicacy of Titian; 
and hence too ariſes that lively bloom on your complexion, 
which perhaps not all the art of Paul and Titian could 
ever have imitated, I ſhould not have thought, anſwered 
ſhe, that the colouring of my cheeks would ever have en- 
tered into the Carteſian ſyſtem, It enters, anſwered I, 
into other ſyſtems more generally underſtood, and of 
ſomewhat more importance than thoſe of philoſophy. But 


even theſe muſt receive great honour from the explication 


of ſo beautiful a phenomenon. | 

1 proteſt, ſaid-the Marchioneſs, that this great plenty 
of cauſes, and above all the ſimplicity that reigns through- 
out this ſyſtem, quite charms me, not to fay any thing of 
thoſe difficulties which it removes in all the reſt, I ſhould 


be glad to ſee how. any other woman in my place would 
| B 
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guard againſt it, I am too well acquainted with the lan- 
guage of ladies, anſwered I, not to believe you already 
conquered, You have not ſufficiently cloſed your ears to 
the ſong of this philoſophical ſyren, nor guarded your 
heat againſt the alluring pleaſures in the luxurious garden 
of this Carteſian enchantreſs, But you have forgot that 
yourſelf at firſt condemned this precipitation in building 
ſyſtems, which cannot afterwards bear up againſt the ob. 
ſtinacy of obſervators. Hypotheſes, or imaginary ſyſtems 
cannot long reſiſt the force of experiments, which are 
juſtly called by a man, who carried them farther than per- 
haps any one that may follow him, natural revelations. 
A liar, even if he was as ingenious as he in Corneille's 
comedy, will at laſt be found out. I had no notion, ſaid 
ſhe, that ſo many things could have been produced from 
ſo little a matter, as theſe whirling particles, and I think 
upon this account a little precipitation might be excuſed, 
and all this moralizing laid aſide, I am extremely fond 
of the Chineſe, becauſe I am told thgy effect whatever 
they take in hand, with much fewer inſtruments.and leſs 
apparatus than we do, And I think French muſic much 
preferable to ours, becauſe by a tew ſimple and plain notes 
it touches the heart, and moves the paſſions, Whereas 
ours, with all its diviſions, fugues and ſhakes, leaves us for 
the moſt part in a tedious and ſtupid tranquillity, Thoſe, 
who for every little thing make uſe of ſuch great machines, 
put me in mind of the dictators antiently elected at Rome, 
with the utmoſt ſolemnity, and who never omitted 
chooſing a maſter of horſe for no other end, than to fix a 
nail in the capitol, You may add, ſaid I, ſince you ſeek 
for examples illuſtriouſly ridiculous, thoſe kings of Perſia, 
who never eat, walk, or go into the ſeraglio, till an aſtro. 
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loger, after many obſervations and calculations, has aſ- 
ſured them, that it is a lucky time to undertake one or 
other of theſe important enterprizes. If we had been in 
Perſia, how many aſtrologers, how many calculations, 
mult. there have been employed before you could have 
been made a philoſopher ! which I take to be a thing of 
much greater importance, than the walk of a king, I am 
afraid, anſwered ſhe, that before the aſtrologer had fi- 
niſhed his calculations, my inclination for philoſophy 
would have left me. But thanks to my good fortune, 
that I was born in a country, where if we have a mind to 
walk or hold philoſophical diſcourſes, we may do either 
without giving the ſtars or the ſky any trouble about it. 
You ought rather to thank your good ſortune, Madam, 
anſwered I, for being born ina country where your charms 
are not like thoſe of the eaſtern beauties, confined to the 
narrow limits of a ſeraglio. 

With theſe reflections of yours, ſaid the Marchioneſs, 
you will make me loſe ſight of our colours, whoſe variety 
charms me the more, becauſe the production of them coſt 
me ſo little trouble. But how ſhall we produce thoſe va- 
rious colours which appear in looking through a certain 
glaſs which I once ſaw placed over- againſt a window? per- 
haps you have ſome other ſort of motion to produce theſe 
colours which only appear to be in objects, when they 
are looked upon through one of theſe glaſſes. You may 
form theſe, anſwered I, in the very ſame manner as the 
firt, You need only make the globules of light that paſs 
through the glaſs you mentioned, which is called a pri/m, 
turn round according to thoſe rules you have already 
learnt, and according as the variety of colours which it 


produces require. As to that diſtinction, which you ſeem 
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to put upon thoſe colours which are really in bodies, and 


thoſe which are ſo only in appearance, Des Cartes will not 


grant it you; for he, as well as the atomiſts, as you may 

emember, aſſerts, that there are abſolutely no colours in 
bodies, and that they only appear to be ſo. Thus for in- 
ſtance, betwixt the red on your cheeks, and that in the 
rainbow, or priſin, there is no ſort of difference, only per- 
haps it would be more pleaſant to make obſervations on 
But after all, they are of the ſame 
Do you think, continued I, 


one than the other, 
nature, and only apparent, 


laughing, that ſo many poets would have compared fine 


ladies to the rainbow, if there had not been ſome reſem- 
blance in their colour ? as, for example, one of the greateſt 
philoſophers in our time has done in thoſe ſublime verſes, 
where he is deſcribing ſome beauty who perhaps reſembled 
you. | 

* Tale in ſomma ne gia qual di rubint 

E d'or ricca, e di gemme e d'oſtro adorno 

Sorger veggiam la matutina aurora. 

O qual ſul variato e lucid arco 

Apparir ſuol dopo nemboſa pioggia 

Di taumante la figlia ; allorchz, i venti venti 

Si ſtan ſoſpe/i a vagheggiarla e intanto 

L' inſano mar depon l' ira, e Pachera, 
You ſee, ſaid I, that one of the moſt leaded and pom- 
pous ſimiles, that the poets have in their whole collection, 
would have been guilty of too eſſential an error. 
Seriouſly, anſwered the Marchioneſs, I always thought 

that the colour on my cheeks, whatever it be, was really 


* As our author does not mention where he had theſe verſes, I 
would not venture to tranſlate them from the Italian, ſince I am not 
certain, whether they were not originally written in Engliſh, 
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there, and that the priſm or the rainbow were only in 
appearance; pray explain this paradox to me, which, to 
ſay truth, I am very much perplexed with; and deliver 
me from the uneaſineſs I cannot help feeling on your com- 


1 
1 
1 
5 
- 
* 
* 
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paring me to the rainbow, notwithſtanding you made me 
a great compliment by this fine ſimile. This, ſaid I, is 
3 reducing things to that ſimplicity you ſeemed ſo fond of, 
\ by taking away the diſtinction which you put between 
4 real and apparent colours. But the intereſt you have in 
| this diſtinction, and your ſelf-love, that makes you trem- 
ble at the thoughts of loſing your roſes and lilies, to 
ſpeak in the paſtoral ſtyle, has at preſent got the better of 
your love of ſimplicity, I will engage there are many 
ladies who would have the ſame ſcruples : but after all, 
you cannot with honour adopt a ſyſtem without being 
willing to admit the conſequences. We have before ſaid, 
| that there is in bodies only a certain diſpoſition and tex- 
4 ture of parts, and in the globules of light a certain rota- 
| tion which theſe parts give them, Theſe globules in a 
certain manner tickling and ſhaking the nerves of the re. 
tina, which is a very thin membrane at the bottom of the 
eye, give us the idea of ſome colour, which we by the 
help of our imagination refer to the body from whence 
thoſe globules of light are derived to us. But I think we 
are called to dinner, and it is time for us to {ee what taſte 
our imagination wi!: help us to give the ſoup. Our ima- 
gination, replied the Marchioneſs! I do not know whe- 
ther he, who has laboured theſe three hours to give it a 
real taſte, will be very well pleaſed with you philoſophi- 
cal gentlemen, who would reduce every thing to mere 
appearance. I dare ſay, anſwered 1, that he will give 


himſelf very little trouble about ſuch a trifle as a philoſe- 
. F. 3 


22... ˙ m oe CESS 


* 


« 8 
pl ĩ — — —— — — 
„ —ͤ —— N eros to 


56 D 4 1. 0 6 UR 1.1 6c 
phical opinion. But however, if he did, he muſt bear it; 
for as bodies are in reality without colour, ſo they are 


lükewiſe without taſte, ſmell, ſound, heat, cold, and even 


when they appear moſt luminous, without light, 

The Marchioneſs was very deſirous that I ſhould explain 
this paradox more fully: but I aſſured her, that if we 
ſtayed till the ſoup wanted heating again, not the fineſt 


and moſt ſimple explications in the world would help our 


imagination to give it a good taſte, She was fully con- 
vinced of this truth, and we ended our diſcourſe in the 
manner of Homer's gods, who after their conſultations 
are ſure never to forget their ambroſia. 
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That qualities, ſuch as light, colours, and the like, are 
not really in bodies. Metaphyſical doubts concerning 
our ſenſations of them, Eæplication of the general * 
ciples of optics. 


LL the while we were at dinner, the Marchioneſs 

entertained herſelf with making the globules of light 

turn round, ſometimes one way, ſometimes another, as 

the different colours of the objects before us required, and 

looked upon herſelf, as ſhe ſaid, to be the empreſs and 

I arbitratreſs of nature, ſince ſhe was poſſeſſed of materials 
4 - diverſify it as many ways as ſhe pleaſed, As ſoon as 


q dinner was over, and we had returned into the garden, I 
8 am ready, ſaid the, to deprive the ſoup of all taſte, and 
1 willingly renounce every colour, even what 1 had the 


greateſt fondneſs for, In ſhort, I will be quite a Carteſian, 
provided you can furniſh me with good reaſons, Theſe hi 
globules, it is true, lead me to ſtrange conſequences, but 
perhaps they may furniſh me with ſome expedient to evade t 
them. You treat philoſophy, anſwered I, as attorneys 
do the law. But there is no expedient that will hold good 
at the ſevere tribunal of reaſon. Not all the monarchs in 
the univerſe, nor all the beauties which are far more pow- 
erful, can influence the impartial judgment of philoſophy, 
nor induce it to interpret the leaſt text in their favour, 
This is a trial, a mortification that Des Cartes will make 
you undergo in your novitiate of philoſophy. But are 
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you terrified at ſo {mall a hardſhip as this? Take courage 
and fear nothing; you will at laſt add to the pleaſure you 
receive from your ſenſes, that of contending with them, 
and giving them no credit. 
Hitherto, ſaid the Marchioneſs, I have only the mortt- 
fication of ſeeing that we are under a perpetual deluſion, 
ſince, if what you ſay be true, things appear to us very 
different from what they really are. Bodies appear to us 
of a certain colour, whereas there is really nothing elſe in 
them but a certain diſpoſition of parts, They ſeem to us 
to be hot, cold, and yet they are poſſeſſed of none of theſe 
qualities. Really I cannot help thinking, that we are in 
a very ſtrange condition. It is certainly very ſtrange, an- 
ſwered IJ. Our knowlege can make but very little progreſs, 
unleſs it be conducted by the ſenſes, They continually 
make us believe things, which a more refined ſenſe, or our 
reaſon, afterwards contradicts. You think, for inſtance, 
that your hands, which have been the ſubject of ſo many 
fine verſes, are ſmooth and poliſhed; and poflibly might 
be greatly offended, if any one ſhould dare to diſpute them 
this quality. And yet it you were to lcok upon them 
through a microſcope, you would be ſurprized to ſee a 
great number of pores that ſeparate the texture of them, 


and to find that they are covered with ſcales like thoſe of 


afiſh, You would diſcover in thera cavities, promontories ; 


vallies and hills, for the abode of a nation of little animals, 
who perhaps ſpend their life there. And to increaſe your 
wonder, you would be preſented with the ſight of rivers 


and ſeas. In ſhort you would not know them again, and 


you would be obliged to confeſs that they are very diffe- 
rent from thoſe which your poets deſcribe. Nature, ſaid 


the Marchioneſs, has done us a great favour in not making 
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our ſenſes too refined. It would be very bad for us, if 
our touch was exquiſite enough to feel all that the micro- 
ſcope diſcovers to our ſight, We ſhould certainly be ex- 
tremely unhappy, anſwered I, if our ſenſations were ſo 
perfect, that in handling the ſmootheſt ſurface, our touch 
ſhould fail us at every pore, and every little eminence 


ſhould make us ſhudder. It is to the ſilence of our reaſon, 


and the want of more refined ſenſes, that we owe our per- 
ceptions of pleaſure. And he gave a very juſt definition 
of our happineſs, who affirmed, that the moſt tranquil 


poſſeſſion of pleaſure conſiſts in our being agreeably de- 


ceived. 
It muſt be confeſſed, replied the Marchilonatl that our 


ſex is greatly obliged to the complaiſance of philoſophers, 
who, notwithſtanding they are ſo well acquainted with the 


nature of our ſuperficies, are ſo genteel as to behave to- 
wards us like the reſt of mankind. But if I had a mind to 
pleaſe any ignorant perſon, the very firſt thing I would 
do, ſhould be to forbid him the holding any correſpondence 
with thoſe gentlemen who deal in microſcopes ; for theſe 


might do me a very great prejudice, Not all the micro- 


ſcopes nor all the philoſophy in the world, anſwered I, 


could ever hinder your appearing agreeable to the naked 


eye, and even a Cleopatra might be contented with this. 
Virgil makes Corydon warn his Alexis not to confide in his 
beauteous colour, But I may freely give you leave to con- 
fide in your hands, 
As our ſenſes are not microſcopical, ſo neither are our 
hearts philoſophical, It would be very bad for us, if our 
pleaſure was in the hands of philoſophers, and if beauty, 
in order to prove its exiſtence, muſt ſtand out againſt all 
the experiments of a naturaliſt. This is juſt as if the chaſti- 
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ty of a lady ſhould depend upon the ill-grounded ſuſpicion, 
and diligent enquiry of a jealous huſband. Theſe two 
kinds of men have this in common, that they both equally 
tend to deſtroy the moſt valuable things in the world. 
But philoſophers, ſaid the Marchioneſs, deſtroy without 
_ mercy; for they can leave but very little elſe to bodies, 
after they have deprived them of colour, taſte, and thoſe 
many other qualities which they have taken from them, 
They leave them, anſwered J, in poſſeſſion of extenſion, 
that 1s, length, breadth, and depth; impenetrability, 
motion, figure, and all the fine things that mathematict- 
ans and mechanics deduce from theſe qualities, upon which 
I could produce you ſo many formidable volumes, that all 


which has been written upon the Cru/ca, would ſeem, com- 


pared to theſe, no more than a king's declaration of love. 
Do not you think it enough for bodies that they are no 
more than bodies? Beſides, what philoſophers do with re- 
gard to thoſe qualities we were ſpeaking of, is not properly 


a deſtruction: they take nothing away from bodies, but 


what was falſely applied to them, and what they had 
unjuſtly poſſeſſed; and reſtore thoſe qualities to us, to 
whom they rightly and properly belong. Preſcription 
has at preſent no influence on philoſophy, as it formerly 
had. If a lover, for example, ſhould ſay, that there was 
hope in a certain favourable glance, which had darted 
on him through a fan, what harm would a philoſopher 
do, who, without deſtroying either the hope or the glance, 


ſhould tell him that there was nothing in the glance, 


but a particular motion of the eye, cauſed by certain muſ- 
cles, either from a principle of pity, or if we would trace 
the thing to its original, coquetry: but that the hope 
was entirely of himſelf, and excited by the means of that 
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glance. Juſt in the ſame manner, when we are pricked 
with a needle, the pain is entirely in our ſelves; and there 
is nothing in the needle but a motion by which it disjoins 
and lacerates the fibres of our body: this ſeparation is 
the cauſe that we feel pain. In ſhort, bodies are only 
matter, and conſequently can have no properties but what 
depend on matter; and theſe the Carteſians have con- 
fined to extenſion, mutual impenetrability, diverſity of 
figure, and a different diſpoſition of parts. And theſe 
are ſufficient to give bodies a power of exciting dif- 
ferent ideas in us, as thoſe of light, colours, taſte, and the 
like. It is not neceſſary, for inſtance, that colour ſhould 
really be upon the ſurface of a body, in order to make me 
ſee that colour, any more than it is neceſſary for pain to 
be in a needle, in order to make me feel it when I am 
pricked. It is ſufficient that as the needle cauſes a certain 
diſpoſition in the fibres of my body, by the means of which 
I feel the pain, ſo that particular rotation, which is in 
globules repelled from the ſurface of a body, ſhould cauſe 
another motion upon the nerves of the retina, which car- 
ried from theſe to the brain excites in me the idea, or, as 
they call it, the ſenſation of colour. Thus, if in any body 
there be a certain motion by which it preſſed the globules 
of the ſecond element, and theſe globules be carried to our 
eye, they will raiſe in us the idea of light, A certain con- 
figuration of particles, or perhaps certain little animals 
which are in bodies, by playing upon the nerves of the 
tongue in ſuch a particular manner, raiſe in us the ſenſa- 
tion of ſome taſte. Theſe ſenſations are generally raiſed 
in us by means of certain bodies, and becauſe we ſee nei- 
ther their particles nor the little animals which are in 
them, the globules of the ſecond element, nor the im- 
preſſion which is made upon our nerves, we aſcribe to 
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thoſe bodies both light, colours and taſte, which in reali- 


ty are only in ourſelves. Reaſon at length convinces us 
of the illuſion that our imagination continually puts upon 
us, and affures us, that the delighful and hitherto undefined 


taſte of the pine-apple, the pleaſing verdure of a mea- 


dow, and even the light of the ſun which animates and 
revives the whole univerſe, are all our own. 

I underſtand you, ſaid the Marchioneſs; we are enriched 
at another's expence, and are like antient Rome, which 
founded its grandeur upon the ſpoils of the whole univerſe, 
Philoſophy would be in a bad ſtate, anſwered 1, if its 


rights had no better foundation, than thoſe of policy and 


ambition, I ſee you have not yet a right notion of it. In 


order to convince yourſelf that philoſophy is no uſurper, 


but only takes its due, preſs one corner of your eye with 
your finger, and you will ſee on the oppoſite part a round 
flame of a reddiſh colour. In this caſe there is certainly 
neither light nor colour without your eye, The only rea- 
ſon of your ſeeing them is the preſſure which your finger 
makes upon the nerves of your eye, The globules of 


light, which flow from the ſurfaces of bodies, occaſion the 


ſame effect upon the eye as your finger, only their opera- 
tion is more impreceptible. The different diſpoſition and 


configuration of the parts of a body, are the reaſon why 


the globules make different impreſſions upon us. The 
power of a body's exciting in us the idea of any particular 
colour, conſiſts alone in this diſpoſition, and the configu- 
ration of its parts. Is it not evident from hence, that if 
this diſpoſition be changed, the colour is changed alſo? 
which could not happen if the colour was really in the 
parts of the body itſelf, Coral, which is of a fine red, if 
it be ground to powder turns pale. One liquid mixed 
with another changes its colour. The reaſon of all this 
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is, that the diſpoſition and configuration of the parts of 
theſe bodies are changed by being ground or mixt, and 
from hence they tranſmit the light to us in a different 
manner, and conſequently our idea of the colour is chang- 
ed; from no other reaſon proceed the venerable white 


locks of old age; the tranſient whiteneſs of many animals 


of the north in winter. From hence too it is, that certain 


roſes in China are in the ſame day both white and purple, 
From this cauſe ariſes that ſurpriſing variation of colour 
which generally follows the change of paſlions in the ca- 
melion, which has furnithed the moraliſts and poets with 
ſo many alluſions, the antients with ſo many fables, and 
the moderns with ſo many obſervations. And what is it 
elſe but one diſpoſition which hinders us from ſeeing you 
goddeſſes when you firſt riſe, and another which gives you 
to our fight and adorations after you have ſpent two or 
three hours in the ſacred rites of the toilet ? 

I perceive, replied the Marchioneſs, that there is nothing 
ſecret to philoſophy ; we may hide ourſelves from men, 
but not from philoſophers. And indeed to what purpoſe 
would it be for us to endeavour to conceal ourſelves from 
a ſet of people who are quick ſighted enough to diſcover 
the globules of light endowed with a-certain motion, and 


- thoſe nerves and fibres to which this motion is communi. 


cated and thence 'conveyed to the brain? A fight which 
mortal eyes have never yet penetrated into. But I muſt 
confeſs, 1 ſtand in need of your aſſiſtance to guide me 
through this obſcure labyrinth. I do not ſee what relation 


all theſe motions have to any colour that I have a conception 


of. This is a thing which ſeems to me quite different from 


theſe motions. Have you any better conception, anſwered 
I, of the relation between the idea of pain, and a ſepara- 
F 
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tion of the fibres of your hand ? Or between the idea of 
hope and a certain motion in the muſcles of an eye? And 

yet you ſee that theſe things are in fact connected, and 

that the one is the cauſe, or at leaſt the occaſion, of the 
other. You ſeek for more than it is poſſible to give you. | 
Unhappily for us, thoſe things which are of the greateſt | 
importance to human knowlege are the molt doubtful. 
Who can tell you in what manner objects occaſion certain 
ideas in the ſou], and how the ſoul on the other hand 
gives certain motions to the body? how the ſoul which 
is unextended, yet is preſent in every part of our whole 
machine, and though incapable of being ſeen or felt, yet 
ſees and feels every thing ? Philoſophers can with a great 
deal of eaſe tranſmit the motion of the globules of light, 
or any other motion, to the nerves, and from theſe to the 
brain, where they all terminate, either by means of a fluid 
that runs through them, or a certain tremor raiſed in 
them. Nay, philoſophers will go yet farther, and tranſ- 
mit this motion to certain parts of the brain which are 
imagined to be the ſeat of the ſoul, But how theſe mo- 
tions, when they are arrived to the brain or ſeat of the 
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ſoul, ſhould produce in it different ideas, is an abſolute 
myſtery. This paſſage, which in appearance is ſo ſhort, 
is to philoſophers what the innavigable ocean was to the 
antients. What communication, what connexion can 
there be between body and ſoul, between extenſion and 


thought, motion and idea, matter and ſpirit? What ſort 
of communication theſe can have with one another, is be- 
yond the reach of our imagination. The ſame, anſwered 
ſhe ſmiling, that Aneas had with the ſhade of his father 
Anchiſes in the Elyſian fields. T hey mutually communi. 
cate the moſt agreeable things in the world to one another | 
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But when Zneas attempts to embrace the old man, he 
vaniſhes away and is diſſipated into air. 

Ven draw a fine allegory from this paſſage, anſwered 
I, which would have done great honour to a learned and 
muſty commentator of the laſt age. Now in order to put 

] your allegory in a clear light, and to let you ſee on the 

| other hand that nothing is able to diſcourage a ſet of people | 

brought up and educated in the midſt of difficulties, ſome | 
of them will tell you, that there is a certain correſpondenceor 
pre-eſtabliſhed harmony betwixt ſoul and body, ſo that 
though they have no more connexion with each other, than a 
harlequin dance in our operas has with the death of Dido, or 
the fate of Rome; yet by virtue of this pre-eſtabliſhed 
harmony, at the ſame time that certain motions happen 

4 in the one, certain ideas and deſires ariſe in the other* 
| In ſhort, that they are like two clocks independent of each 
N other, whoſe weights are adjuſted in ſuch a manner, that 

when this ſtrikes one, that ſhall always ſtrike two, and ſo 
on. Your Des Cartes will tell you that upon occaſion» 

0 when bodies without us in the material world excite cer- 
tain motions in our body, the ſoul ſees certain ideas in the 

intellectual world. So that in the material world, you 
have nothing but extenſion, and certain motions, and con - 
figurations, and whatever other qualities you poſſeſs, and 
which render you ſo agreeable and charming, exiſt only 
in the intellectual world. Others will tell you, that by 
means of certain motions in the body, God reveals and 
diſplays certain ideas to the ſoul. But they have ſo little 
regard for any connexion between theſe motions and our 
ideas, that they affirm, we might as well hear with our 
eyes, or ſee with our ears, provided the laws of the union 


of the ſoul and body were different from what they now 
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are, which is not impoſſible, ſince theſe laws are merely 


arbitrary. One of the laws of this union is, that when 
there are certain motions impreſſed on one of the mem- 


branes of the eye, the idea of light ſhould be raiſed in us, 


and in the ſame manner, when certain motions are made 
upon a membrane of the ear, we ſhould perceive the idea 
of ſound, And as theſe things are independent of one 
another, why might not the idea of light ariſe from cer- 


tain motions upon the ear, and that of ſound from certain 
motions impreſſed on the eye? 


And why, ſaid the marchioneſs, may we not rather 
ſuppoſe that there are ſome ſecret dependencies between 
theſe things, which your philoſophers may not have been 
acquainted with ? The vulgar hide their ignorance under 


the vail of obſtinacy, and do not the learned endeavour to 


conceal theirs in doubts and queſtions ? Your ſuſpicion at 
leaſt is reaſonable, anſwered I. Our horizon is but faintly 
illuminated with the beams of a glimmering twilight, and 


we pretend to ſee as clearly as if it was full day. We 


continually act, eſpecially with regard to metaphyſics, as 
Columbus would have done, if he had pretended to write 
us a complete deſcription of America, and given an ac- 
count of its inhabitants, rivers and mountains, when he 
had only ſeen a little tra& of this country, and did not 


know whether it was an iſland or a continent. We reaſon 


upon the chimeras of our own fancy, we deſtroy and build 


fyſtems, we raiſe doubts, and think to reſolve them with - 


out agreeing upon ſo much as their firſt ideas. One of 
the moſt elegant geniuſes of Fngland, who in our days 


has revived the polite court of Charles II. in that happy 


country, in a little, but very valuable piece, which he 
wrote againſt one of the moſt celebrated metaphyſicians of 
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our time, compares thoſe gentlemen to fine riders in a 
** mgnage, who ſhow their addreſs and dexterity by mak- 
ing their horſe go backwards or ſide ways, and all ways, 
«and at length after having laboured round and round 
ce for two or three hours, get down juſt where they got up.“ 
However it be with theſe metaphyſical jockies, it is certain, 
that ſome things produce others very different from them. 


The Americans without doubt would be extremely ſur- 


prized to hear that certain cyphers, as the letters of the 
alphabet, could tranſmit the hiſtory of a nation to polterity» 


and furniſh two people with means of communicating their 


thoughts, quarrelling or making love at the diſtance of 


four thouſand miles, juſt as well as if they were preſent 


with each other. And would not the Chineſe be greatly 
aſtoniſhed to ſee that certain marks drawn upon lines ſhould 
produce ſounds, concords, and in ſhort, a concert of 
muſic ? OR | 

As | imitate theſe in their ſurprize, replied the Marchi- 
oneſs, I will imitate them too in their docility, which they 
diſcover in embracing whatever we teach them as reaſona- 


ble even at the expence of their ſelf- love. We muſt then 


ſolemnly abjure all thoſe charms which you call roſes and 
lilies, and ſubmit to that philoſophy which deprives us 
of them, perhaps to give us in exchange ſome greater 
good. I admire your moderation, anſwered I, in agree. 
ing to this Carteſian philoſophy, which, to ſay truth, is 
ſomewhat injurious to fine ladies. When the philoſophy 
of Ariſtotle was in vogue, who aſſerted that qualities were 
really in bodies, the ladies might be ſomething vainer of 
their beauty. But now they muſt renounce the very things 
upon which that vanity was principally founded, It is 


true, that with globules alone, a bare diſpoſition of parts, 
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you will ſtill continue to make the ſame conqueſts as you 
did before with the help of colour itſelf. But it is true 
on the other hand, that it is for ever gone without any 
hopes of being recovered again. However, if you are a- 
fraid that this ſyſtem may do you any ſort of injury, you 
need only name the perſon whom you havea deſire to pleaſe, 
and I will promiſe you never to let him into the ſecrets of 
philoſophy. | 

Till there appears another ſyſtem to deprive us of that 
diſpoſition of parts which this leaves us, replied ſhe, I do 
not ſee, that we have any thing to fear, ſince after all, 
one certain diſpoſition has only one certain idea affixed to 
it, So that the diſpoſition, which excites the idea of a fine 
red in you, cannot produce that of a yellow or brown in 
another perſon. And thus I think we are ſecure. Seri- 
ouſly, anſwered I, I do not at all doubt that beauties are 
ſecure in any ſyſtem of philoſophy whatever. But that a 
certain diſpoſition of the parts of a body ſhould excite 
the ſame idea in all men, is what I cannot aſſure you of, 
Who can tell whether the leaves of theſe trees that J ſee 
of one colour which I call green, may not appear to your 
ſight of another colour Which I ſhould call red or yellow, 
or perhaps of ſome other colour, of which I have no idea ? 
You would render me too philoſophical, ſaid the Marchi- 
onels, and after this I ſhall be utter!y at a loſs how to con- 
verſe with mankind. You have made me already rob bo- 
dies of light, colours, taſte, ſmell, and every other quality 
which theſe have never made any ſeruple to grant them, 
and would be greatly offended at any attempt to take them 
away. But not content with all this, you would have 
me confeſs that a colour which appears green to ſome, 
ſhould ſeem to others red, yellow, or ſome other colour, 


On Lionr and COLOURS. 69 


perhaps, of which 1 have no idea. Is it poſſible to offer a 
greater affront to mankind, than to contradi& a thing 
they are ſo ſenſibly perſuaded of, and aſſert that they do 
not all ſee colours in the ſame manner? I will venture to 
tell you ſtill more, anſwered I, for to ſhew a regard to 
mankind, whom you feem ſo fearful of offending, in this 
point, is not poſſible for any one who has ever converſed 
with them. Who can tell whether theſe very trees, which 
I {ee of one certain height, may not appear to you of ano. 
ther ? So that what I, for inſtance, call ten foot high, may 
appear to your eyes of a height which I thould call eight, 
or twenty feet, You have a mind to divert yourſelf at my 
expence, ſaid the Marchioneſs, interrupting me. We both 
agree in calling this tree ſo many foot high, as well as in 
calling the leaves green, How then can what you ſay be 
true? We agree, anſwered I, in words, but perhaps not 
in things. Two people, one of which ſhould give a chief 
magiltrate the name of king, from whoſe good or ill ad- 
miniſtration depend the life and properties of his ſubjects; 
and the other ſhould give the name of king to a chief ma- 
giltrate, who is only the ratifier and guardian of the laws 
of nature, to which he, as well as the reſt, is ſubjected: 
theſe two people would both agree in the ſound, by which 
they denote their chief magiltrate, but not in the idea 
which they annex to this ſound. Both you and I had a 
certain meaſure at firſt ſhewn us, which though it appears 
to you of a different ſize from what it does to me, yet both 
of us agree in calling it a foot, becauſe we are told that 
mankind diſtinguiſhed fuch a meaſure by that name. Ac- 
cording to this, which 1s the rule of our menſurations, 
we both ſay that this tree is ſo many foot high, though it 
may appear to me of a greater or leſs height than it does to 


= = 2 
= 


70 end : 


you, and ſo every other thing in proportion to the differ- 
ent idea we may poſſibly have of a foot, Who can tell 
then, but you may appear to yourſelf, and I to you, like 
one of Gulliver's Brobdingnagians; on the contrary each 
of us may appear to my light as ſmall as a Lilliputian 


does to yours, and who knows too but you may ſee the 


whole world after the proportion of my Brobdingnagian, 
and I of the ſame ſize as your Lilliputian; ſo that if it 
were poſſible for us to ſee with each other's eyes, which 
would be a good exchange for me, you would deſpiſe the 
diminutive ſize of my Coloſſuſes, and I ſhould tremble at 
the gigantic ſtature of your pigmies. We may eafily tranſ- 
fer the ſame way of reaſoning to colours, We here too 
agree upon names, but may very probably differ in things, 
Each of us, for inſtance, calls the leaves of this tree green, 
becauſe we were at firſt told that the colour of leaves was 
green; but it is poſſible, that if things could appear to 
your eyes as they do to mine, you would be ſurprized to 
ſee theſe trees and the whole country clothed in a colour 
which you perhaps might call purple or ſome other. Be- 
cauſe we ſee that all men reſemble one another in the make 
of their body, when they have all two eyes, one mouth, 
two legs, and two hands, we are led to imagine from 
thence that they muſt all reſemble each other in their 
ideas, and from hence ariſe many inconveniences in ſocie- 
ty which would not have happened, had men been a little 
more philoſophical than they are. From hence it is, that 
a politician, when you are thinking on ſomething quite dif- 
ferent from his projects, will plague you with a long ac- 
count of the end and intentions of all the privy councils 


in Europe, and the diviſion which he has already made in 


Italy; for he thinks it impoſlible that a man, who reſem« 
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bles him in his outward appearance, ſhould not equally 
Intereſt himſelf in his viſionary ſchemes. From the ſame 
cauſe a lover will talk you dead with the hiſtory of his 
continual ſighs and hopeleſs paſſion. In ſhort, this miſtak- 
en notion gives birth to numberleſs other inconveniences 
in ſociety, None greater, ſaid the Marchioneſs, than the 
philoſophers who endeavour to reverſe the ideas that man- 
kind have formed to themſelves, and make us believe that 
we do not all ſee the ſame thing of the ſame ſize and cos 
lour. Cannot you find ſome method to explain to me 
whether the world really appears ſo different to different 
perſons, as you ſay it does? | 
It is not poſſible, anſwered I, to find ſuch a method as 
you require, unleſs there could be any one meaſure which 
all men were certain of ſeeing abſolutely of the ſame ſize, 
and certain colours which, in the ſame manner, they could 
be aſſured, appear the ſame to all eyes, and to theſe they 
might refer all other colours, as well as all other ſizes 
to the meaſure, As thoſe two people who make uſe of 
the ſame word ling to ſignify their chief magiſtrate, though 
the one be in effect very different from the other, can ne- 
ver come to a clear explanation of the different ideas they 
would annex to the ſame word, unleſs they define and 
compare it with other words; and more ſimple ideas, ſuch 
as both parties are agreed upon, Now red, yellow, and 
the ſmalleſt imaginable meaſure, are in themſelves ſuch 
ſimple ideas, that they can neither be defined nor com- 
pared with other ideas more ſimple. Therefor we have 
no way of knowing whether all men have the ſame con- 
ceptions of them, or not, ſo that mankind are much to 
blame in being ſo confident that the world appears in the 
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ſame manner to all, for it is a great chance but they are 


miltaken in this affair. 

But what ill conſequences can there poſſibly follow from 
our ſaying that the world appears to every ſingle man dif- 
ferent from what it does to all the reſt ? Nay, if we ſhould 
go farther, and ſay that even the world itſelf does not ex- 
iſt, and that all theſe bodies, this ſun, theſe ſtars, and 
theſe fine ladies, are nothing elſe but dreams and appear- 
ances, There is one philoſopher who affirmed, that a 
perſon need only to have flept once in his life- time, to be 
convinced of this. So that while ſome are diſputing about 
the manner in which the world exiſts, others abſolutely 
deny that it exiſts at all, But though I have ſlept more 
than once in my life, I will not preach up a ſyſtem to you 
which would mutually deſtroy us both. I will rather aſ- 
ſure you, that though we really ſhould ſee the world in 
different manners, yet I am willing for my own intereſt to 
conſult your preſervation, They will all agree in ſaying, 
that this tree is ſo many feet high, and the leaves green, 
and that you are of a juſt height and a fine complexion 
and does not this difference of ideas diffuſe an infinite vari- 
ety over the whole ſyſtem of nature, which ſeems even in 
the minutelt things to take a pleaſure in diverſifying her- 
ſelf a thouſand ways? but what a pleaſure muſt you find 
in imagining yourſelf to appear to ſome under the height 
of a wax baby, and to others as tall az the image of Flora 
at Farneſe ! to ſome of an azure complexion, with the green 
locks of a Nereid, and to others of a vermilion dye, and 
adorned with the roſy treſſes of Aurora, and under theſe 
different aſpects, to be agreeable to all, and adored under 
various forms, as the goddeſſes formerly were among the 
antients, I mult confeſs this imagination, that every ſin- 
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gle man ſees the face of the world in a manner different 
from all the reſt, though, if you will have it ſo, it be a 
doubtful point, gives me ſo much pleaſure, that I make 
no ſcruple of carrying it beyond ſize and colours, to taſte, 


ſmell, and all other qualities. I faid, 7fyou will have it ſo, 


only out of complaiſance to you; for if it be confidered 


how very different the nature of things is from what it 


appears to our fight, ſince we reckon, for inftance, thoſe 
bodies to be ſmooth and ſolid, which are in reality full of 
pores, cavities, and riſings, and imagine them to be en- 
dued with colour, taſte, and other qualities which exiſt 
only in ourſelves: when we conſider too that the ſame bo- 
dies have a different appearance according to their diſtance 
and the other circumſtances in which they are ſeen; when 
all this, I ſay, is well conſidered, I do not know whether 
we may not affirm that every ſingle man fees them in a dif- 
ferent manner from all the ret, and that our judgment 
is as much deceived in ſuppoting that the fame things raiſe 
the ſame ideas in different perſons, as it evidently is in the 
other reſpect; at leaſt we may reaſonably doubt whether 
it be not ſo, You will fay perhaps, that this is raifing 
doubts and queſtions to hide our 1gnorance But it is how- 
ever one of the parts of a philoſopher to ſearch for motives 
upon which he may form rational doubts upon things, or 
rather, ſuch is our misfortune, this is the beſt part of phi= 
lolophy. However, we every day clearly ſee that the 
ſame objects do in effect appear differently to different per- 
ſons: not to ſay any thing of the more important affairs 
of morality, law, and politics, where what is eſteemed in 
one nation an object of veneration and reſpect, is reckoned 
ſcandalous and deteſtable in another. Did not the ladies 
in one age drive all the colour out of their cheeks, and 
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affect a pale languid look, which were capable of inſpir- 
ing the molt lively ſentiments, at a time when a painted 
face would have been as ſhocking as a fury, But in the 
next age, this very fury becomes a Venus, and inſtead of 
ſighs and fine ſpeeches, the pale beauties are recommended 
to the care of a phyſician, or the uſe of Spaniſh wool. 
Were not the very ſame graſhoppers, that weary us with 


their troubleſome chirping, called by an ancient poet the 


{weet harbingers of the ſummer ? There are whole nations 
who eſteem black teeth a ſingular beauty, and others who 
paint one eye white, and the other red or yellow. In 
ſome other countries, a beau {4Tifices and gaſhes his face 


ba R 
to appear more agreeable to the eyes of a brutiſh creature, 


who is alone the miſtreſs of his heart. An olive complexi- 
on joined to a long head, a pair of deep ſunk black eyes, 
a flat noſe, and the feet of a baby, are charms that make 
great havock in the hearts of the Chineſe, and occaſion 
whole volumes of gallant verſes and love epiſtles. Our Ga- 
latea's and Venus's would not get ſo much as one billet 


doux, or a ſingle ode there, but would be looked upon as 


mere caricatures. In the ſame country, learning is a ſtep 
to the higheſt honours of ſtate, and there is more ceremony 


in making a doctor there, than the Polanders uſe in ele&- 


ing a king. Are not muſic and dancing, which are with 
us, as antiently among the Greeks, an exerciſe for perſons 


of the firſt rank, looked upon in Perſia, as they formerly 


were at Rome, as ſcandalous employments? And would 
not the ſame ladies, who cauſe ſo many commotions and 
diſturbances in Europe, be cloſe confined in a ſeraglio and 
guarded by eunuchs in the ealtern countries? If you will 
not conſent to admit a different appearance of things be- 


tween men, yet you mult allow it to be ſo with regard to 
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nations, as for inſtance, between us and the orientals, un- 
leſs you will except ſome particular follies which ſeem to 
have uſurped a more extenſive and univerſal right over 


mankind, The antients Greeks, the Romans, Orientals 


and Americans, though ſeparated from each other by ſuch 
valt tracts of land and ſo many ſeas, yet all agreed in the 
ridiculous notion, that when the moon was in an eclipſe, 
which is occaſioned by the ſhadow of the earth, that de- 
prives it of the ſun's light, the was in great danger, and 
laboured extremely hard, and imagined they could be cf 
ſervice to her by howling, rattling with their timbrels, and 
making the molt horrible outcries and noiſes they could 
poſſibly invent. 

I find, ſaid the Munch you begin to grow a little 
more moderate after this philoſophical enthuſiaſm which 
had carried yon fo far, that you endeavoured to reverſe the 
whole order of things. But you have now conſented to 
grant, that we think alike in theſe opmions which you 
call ridiculous. As to all the reit, I am very well ſatisfied, 
if you place this difference of ideas at ſo great a diſtance 
as is between us and the Oriental countries. 


In order to make you ſtill eaſier, anſwered I, we will 


at preſent place theſe different ways of conception at a diſ- 
tance fill greater, and in proportion as you grow a greater 
proficient in philoſophy, we will bring them gradually 
nearer to us, till at laſt we will agree to put ſome differ- 
ence between your ideas and mine, and from thence be- 
tween the two eyes of ſome perſons to whom the ſame ob- 
ject appears bigger when ſeen through one eye, than it 
does when looked upon by the other. 

How is this poſſible, ſaid the Marchioneſs? There is no 
end to your viſionary fancies, and you ſeem reſolved to 
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put me to the utmoſt proof of my credulity. Not con- 
tented to make a difference of ideas between different per- 
ſons, you carry your notions ſo far as to make this differ- 
ence between the two eyes of the ſame perſon. 1 muſt 
confeſs, I think this a very daring way of proceeding, 
Did not Gaſſendus, anſwered 1, one of the celebrated phi- 
loſophers of the laſt age, affirm that he ſaw the characters 
of a book larger through one of his eyes, than the other ? 
You ſee the fault is not to be thrown upon me, but upon 
the eyes of Gafſendus, You would find many other per- 
lons with theſe ſort of eyes, if they were but as curious in 


examining their ſenſes as they are diligent in making uſe 
of them. To ſome perſons an object is {aid to appear green, 


when looked at through one eye, and yellow or blue, when 
ſeen by the other. But do not we lee every day, that 
what one perſon eſteemeth cold, another calls hot? Or 
rather do not we ourſelves think the ſame thing to be cold 
or hot, according to our different diſpoſitions? Would 
not the very lame thing that Milo might have thought 
ſmooth as a mirror, appear rough as a nettle to that lux- 
urious youth whoſe bed was ſtrowed with roſes, and who 
could not ſleep for a whole night, becauſe a ſingle leaf 
happened to be doubled? And do not theſe different ſen- 
ſations which are ſo extremely oppoſite, as hot and cold, 
ſmooth and rough, proceed from a different diſpoſition of 
the ſenſitive organs; from a different affection of the 
nerves, or the more or leſs delicate texture of the parts ap- 
pointed to carry theſe ſenſations to the brain? and is it 
not very probable too, that theſe differences may be in 
that membrane of the eye, upon which the images of ob- 
jets are depictured, and in the filaments of the optic nerve 
which tranſmit theſe images to the brain? Hence it would 
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follow, that as we receive different ſenſations of hot, cold, 
ſmooth, and rough, we ſhould find the ſame difference in 
our ſenſations of colours, and the like. 

In order for me to enter into your ſentiments, ſaid the 
| Marchionefs, you muſt explain what you mean by ſaying 
that the images of objects are depictured upon the mem- 
brane of the eye; and that the optic nerve tranſmits thoſe 
images to the brain? Do you know, anſwered I, that an 
explication of this will be no leſs than an explication of a 
viſion it ſelf ? So much the better, ſaid ſhe : indeed it ſeem- 
ed pretty ſtrange to me, that after you had ſpoke fo much 
upon the different ways in which it is poſſible for us to lee, 
you ſhould be filent upon the manner in which we really 
ſee. I will not defer this explication any longer, anſwered 
I, and I ſhall be extremely huppy if my ſhewing you in 


what manner you ſee me, may induce you to look upon 


me in a different way from what you have hitherto done. 

Light is principally ſubjected to the two accidents of 
refiexion and refraction, Reflexion, according to the Car- 
teſians, happens when by colliſion of the globules of light 
with the ſolid parts of bodies, theſe globules are repelled 
back again, juſt as a ball rebounds when it is truck againſt 
the earth. And it is by this reflected light, that we ſee 
all bodies, the moon, the planets, heavens, and every 
thing elſe, except the ſun, ſtars, fire, and all thoſe other 
bodies here below, which ſhine by their own light, Re- 
fraction is cauſed when the globules of light in paſſing 


through air, water, glaſs, etc, meet with the pores and 
cavities of thoſe bodies, ſo that the ray, which is only a 
chain or ſeries of globules, breaks and is turned out of 
its proper path, and takes a different direction in its paſ- 


tage from what it had before. Pellucid or tranſparent 
G 23 
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bodies which ſuffer the light to paſs through them, ſuch 


as water, air, diamond, and glaſs, are called mediums, 
Hence re/raG@ion is ſaid to happen when light paſſes from 
one medium to another. And this refrain is greater or 
leſs, that is, the rays are more or leſs broken and turned 
aſide from their path, in proportion to the different den- 
fities of the mediums through which the light ſucceſbvely 
paſſes, Thus for example, the rays are more broken in 
palling from air into glaſs, than in paſſing from air to 
water, becauſe glaſs is much more denſe than water; and 
for the ſame reaſon they will be more broken in palling 
from air to diamond. 

It this was a proper time, ſaid the Marchioneſs, to make 
criticiſms upon poets, it might be ſaid, that Taſſo has 
not expreſſed himſelf very accurately, when 3 of 
Armida, he ſays, 

As limpid ftreams tranſmit the unbroken ray, etc, 
Poetry, in theſe verſes, does not ſeem to agree with optics, 
which will not allow that a ray can be tranſmitted un- 
broken. Taſſo perhaps, anſwered I ſmiling, would be 
underſtood to ſpeak of thoſe rays which fall perpendicularly 
upon water or chryſtal, that is, without being inclined, 
with regard to the ſurfaces of thoſe 97ediums, either to one 
ſide or the other; as a threed would fall upon the ground 
if it had a weight faſtened to it : for in this caſe the rays 
paſs on without being broken, and continue to proceed in 
the ſame path as they firſt ſet out in : but the truth 1s, that 
poets do not addreſs themſelves to philoſophers nor to you, 
who have nothing but reactions in your mind: but they 
write for the people, and conſequently mult often make 
uſe of vulgar prejudices and opinions. And provided 
the images be lively, the paſſions ſtrong, and the num - 
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bers harmonious, we may pardon them a miſtake in op- 
tics, What do you think of Ovid, who has perhaps 
ſtretched the poetic licence too far, and made the ſun in 
a day run through all the ſigns of the Zodiac; whereas 
according to the exact rules of aſtronomy, his diurnal courſe 
is confined to about the thirtieth part of only one ſign 2 
In the ſecond book of the Æneis, that maſter-piece of ſub- 
lime poetry, there is a very fine image, which, if examin- 
ed by the laws of optics, would loſe allits juſtneſs. Aneas, 
after he had been aſſured by Hector in a dream of the ir- 
reparable ruin of his country, aſcends a turret, and there 
diſcovers the treachery of the Greeks, whoſe dreadful 
effects appeared from every quarter. The palace of Dei- 
phobus already levelled to the ground, his next neighbour 
Ucalegon on fire, and the flames of that city, which a ten 
years ſiege had attacked in vain, dreadfully reflected by 
the waves of the ſea, Now in the fituation in which Aneag 
ſtood this could not poſſibly be; for the opticians will 


tell you, that in order for him to ſee the flames of the city 


ſhine upon the ſea, the ſea mult have been placed between 
him and thoſe flames, which it was not. But who would 
not excuſe this error, which can be ſeen only by a very 
few, for the ſake of thoſe fine veries which all the world 
admires ? | | 

But to return from poetry to phyſics, a tranſition which 
you have rendered very familiar to me, the manner in 
which the rays of li ght are broken in paſſing from a rare to a 
denſe medium, as from air to glaſs, is different from what 
it is when they are tranſmitted from a denſe to a rare e- 
dium, as from glaſs to air, I would be underſtood, al- 
ways to ſpeak of the rays which fall upon theſe mediums 
obliquely, and with ſome inclination; for as I mentioned 

to you before, thoſe riys which fall perpendicularly do 
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not ſuſfer any deviation. If you ſuppoſe then, that a ray 
of light coming from the air ſhould fall upon the ſurface 


of a glaſs, it will be broken in ſuch a manner, that after 


its trajection, it will be leſs inclined to the ſurface of the 


glaſs, and immerging will approach nearer a perpen- 


dicular. After the ſame manner, a ray of light proceeding 
from your eye would ſtrike the middle of this baſon, 
provided it were dry, But ſuppoſing it filled with water, 
as it now is, the ray could not continue its courſe directly 
to that point as at firſt, but in its tranſmiſſion through the 
water would be bent in ſuch a manner that it would fall 
on one fide, and ſtrike the baſon in a point nearer to us. 
Theſe are all the lines and figures that I will draw you, to 
explain the preſent ſubject. 

What need is there of lines and Genres, replied the 
Marchioneſs, to underſtand that a ray of light paſling 
from air into water or glaſs, will be bent in going towards 
it, and approach nearer to a perpendicular? And does 
not the contrary happen, when the ray paſſes from glaſs 
into air? Yes certainly, anſwered 1; the ray in this caſe 
is more inclined after its trajection to the ſurface of the air, 
which immediately touches the glaſs, it becomes more un- 
like a perpendicular, and places itſelf as it were behind, 
the ſarface of the earth, 

Theſe reſrachions of the rays of light which were known, 
though very imperfectly, to the antients, and to the con- 
ſideration of which we in great meaſure owe the perfection 
bf aſtronomy, are the cauſe of an infinite number of ſtrange 
and amuſing phænomena, which we every day obſerve; 
ſuch as objects appearing out of their place when viewed 
through a pri/m : an oar broken in the water, and the 


farprize of ſeeing ourſelves deformed and crooked when 


in a bath. This is the very __ ſaid ſhe, interrupting 


- 
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me, that I lately obſerved when I was in the bath, and 
I was extremely ſurprized and puzzled to find out the rea- 
fon of it. It is nothing elſe, anſwered I, but the refrac- 
lion which the rays ſuffer in paſſing from air into water, 
Theſe refractions, beſides what we have already mention- 
ed, are the cauſe too why we ſee the bottom of veſſels and 
rivers much dear than they really are, and that ſailors 
after a long and tedious voyage, have the pleaſure of ſee · 
ing and ſaluting the land, much ſooner than they would 
otherwiſe do. This too is the reaſon that the ſun and full 
moon appear to our fight of an oval figure when near the 
horizon, and many other things of the like nature, which 
proceed from hence, that the rays in their paſſage fiom 
theſe objects to our eyes are refracted, and come from places 
different from thoſe where the objects themſelves are. The 
eye, which is not ſenſible of theſe re/ra@ons, always re- 
fers and tranſports the objects to thoſe places from whence 
the rays appear to proceed, or in other words, it ſees them 
in the direction of the rays which penetrate and ſtrike it, 
Hence it is, that the figure and fituation of things which 
are ſeen by refracted rays, come to be changed. If, with- 
out knowing any thing of the ſcience of optics, the firſt time 
1 had the honour of ſeeing you, a priſm had been placed 
beſte my eyes, which by refrading the rays which pro- 
ceed from you to me, had given them the ſame direction 
which they would have had if they had come from the 
ſky, you would certainly have appeared to me to have 
been tranſported into the world of chimeras, and incom- 
paſſed with an infinite variety of colours, and I ſhould have 
intreated you to deſcend, as Endymion did the moon, and 
addreſſed myſelf to you in ſome florid deſeription of a 
ſhady grove or lonely vale, in order to tempt you from the 
ſtars. And all this fine deluſion would have been occali- 
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oned by that direction which the pri/m had given to the 
rays, which would have flowed from you to my eyes. 

I fancy, ſaid the Marchioneſs, that mankind always 
look upon thoſe, who are in a condition much ſuperior to 
their own, through certain priſms, which make them ap- 
; pear as if they were tranſported to heaven, to revel upon 
ambroſia, enjoy the converſation of the gods, and be ſur. 
. rounded with glory and happineſs; whereas the more they 
| are elevated above others upon earth, the more ſubjet 1 
are they to the ſport and caprice of fortune, This com- | 
pariſon will appear [till juſter, anſwered I, upon this ace 
count, that as when we quit the rn, we ſee the objects 
again return to their proper place: to when we ſorſake the 
opinions of the vulgar, and ſubſtitute thoſe of good ſenſe 
| in their room, theſe demigods appear nothing more than 
| other men, and in a condition not greatly to be envied. 
| But to return to our ſubject: A philoſophical eye every 
\ day diſcovers an infinite number of itrange and diverting 
| phznomena ariſing from the change of direction produced 
in the rays of light, not only by re/radQti5ns but by reflex- 
ion too. From hence proceed all the wonders of concave 
glaſſes, by the help of which, that poet, who wrote a 
diflertation on the nature of bees, could diſcern the ſmall 
members and diminutive parts of that noble and induſtri- 


ous inſect, and magnified them to that degree that each 
4 | of then: ſeemed as big as a dragon. With theſe glaſſes too 
1 the veſtals rekindled their ſacred fire, whenever it happened 
| to be extingviſhed. From hence aroſe the fables of Ar- 
chimedes and Proclus; and ignorance and impoſture have 


rendered theſe glaſſes one of the favourite inſtruments of 
magic. But among the phenomena which ariſe from a 
change made by reflection in the rays of light, you will 
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perhaps be ſurprized to find one which is every day preſent 
with you, and which perhaps you have never yet eonſi- 
dered as a phænomenon, much leſs a matter of wonder. 
What phænomenon can this be, ſaid the Marchioneſs, to 
which I have paid ſo little regard? It is, anſwered I, the 
image of your ſelf, which appears beyond the looking - glaſs 
every morning, when you hold a conſultation with the 
Graces in what manner it will be beſt to give an artificial 
negligence to your hair. This repreſentation of your ſelf 
proceeds from hence, that all the rays, which flow from 
all the points of your face to the looking - glaſs, are reflec- 
ted in ſuch a manner to your eye, as if they proceeded 
from as many other points as there are in your face, equi - 
diſtant from each other, and as far beyond the glaſs, as 
you are of this ſide of it; and conſequently you ſee your 
image at as great a diſtance from the glaſs, as you your 
ſelf are, and exactly like you; and from the pleaſure this 
beauteous repreſentation affords you, you eaſily conceive 
what pleaſure the original muſt give to others. The ce- 
lebrated Milton has in his ſublime poem finely deſeribed 
the delight and ſurprize of Eve the firſt time hs ſurveyed 
herſelf in a fountain, 
That ſtood unmovꝰd 

Pure as the expanſe of heavn—, 
And this image of herſelf appeared ſo charming, that, 
like another Narciſſus, the afterwards ingenuouſly confeſ- 
ſed to Adam, that though ſhe * him fair, yet be 
ſeemed, 


— — 0 fair 
Leſs winning foft, leſs amiable mild, 
Than that ſmooth wat'ry image 


Does not this paſſage of Milton convey ſome malicious in- 
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ſinuation, ſaid the Marchioneſs? And is not his real mean- 
ing chat the ſight of a huſband gives a woman leſs plea- 
ſure than even an image or a ſhadow? However, I agree 
that our firſt parent was in the right to admire this fine 
phznomenon, and I have been greatly to blame in my 
neglect of it; but we are too early accuſtomed to the ſight 
of theſe things, for them to make a ſtrong impreſſion upon 
us. If any one had told me a few days ago, that certain 
rays, flowing from my face, would have been reflected from 
the looking-glaſs, I ſhould have believed it to be one of 
thoſe uſual enigma's which gallantry borrows from tradi- 
tion, or founded upon the authority of ſome old romance, 
But I conſeſs that from this time, I ſhall ſurvey myſelf in 
the glaſs with a ſort of philoſophical pleaſure, 

There is no greater pleaſure, continued I, to philoſo- 
| Phers, than that of obſerving the various ſportings of the 
rays of light, in paſſing through a gibbous glais, or one 
that is convex on both ſides, and from which its reſems 
blance to a grain of lentille, is termed a lens. And upon 
this depends the explanation of viſion. If two rays of light 
mutually paralle/, that is to ſay, which always keep the 
ſame diſtance from each other without approaching nearer 
or removing farther off, like the eſpaliers of theſe walks, 
fall upon a /ens, by means of that re/radzion which they 
ſuffer, they are united beyond it, into one point that 1s 
called the /ocus of the lens, which is more or leſs diſtant 
in proportion as the lens is more or leſs convex, So that 
the greater the convexity, the leſs will be the diſtance of 
the /ocus ; and the leſs the convexity is, the diſtance of the 
focus will be the greater. And this diſtance of the focus 
is what diſtinguiſhes the /exs : as for inſtance, we ſay this 
lens has ſo many feet of focus, and another ſo many, juſt 


| focus of the lens itſelf. 


* 


1 
On Lisur aud Colours. 85 


as we ſay ſuch a machine can raiſe the water to ſuch a 
height, by which we would ſignify the force and activity 


of it, I fancy, faid the Marchioneſs, that the reaſon why 


this point is called a focus, is becauſe a candle may be ſet 
on fire when placed there, as I once ſaw done by a perſon 
who undertook to light a candle without the help of fire 
by the ſun. He might ſafely have engaged, anſwered I, 
to light the candle not only without tire, but even with 
ice. For a lens made of ice in a little ſpace of time pro- 
duces the ſame effect as one that is formed of glaſs. How 
many impertinences might this have furniſhed the poets 
with in that time when their language was, 

See guarded by the watchful powers of love, 

Fair Delia ſlumbers in the peaceful grove ; 

Struck with the fight, let wond'ring mortals own, 

Amidſt the gloomy ſhades, a radiant ſun / 

But the reaſon that you give is a very good one: the 
burning which follows in that point where the /ens unites 
the rays which were at firſt parallel, and forms them into 
a flame, is the very reaſon why it is called the focus. All 
the rays, which are not mutually parallel, but in going 
from a point keep continually removing from each other, 
and. which are called diverging rays, unite beyond the /eps 
in another point, which is always more diſtant than the 
Hence we ſay, that a convex len- 
renders the parallel and diverging rays converging, For 
thoſe rays are called converging, which proceeding from 
various parts, have a tendency to unite themſelves 1n one 
point, Jult as the alleys of thoſe woods which are formed 
in the ſhape of ſtars, continually approach to one another 
till they all meet in the centre. Theſe walks, ſaid the Mar- 
chioneſs, interrupting me, might be called diverging, with 
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regard to one in the centre of the wood, from whence 
they proceed, always removing ſtill farther from one ano- 
ther. Lou only want, Madam, anſwered I, to turn over 
Euclid and Apollonius a little, and ſometime put on an 
abſtracted look, and you will be a complete geometri- 


cian. 
But to follow the tract of theſe rays as we have begun 


the more that point, from which the diverging rays 
ſet out, is diſtant from the lens, the nearer the lens and its 
focus is that point where the rays unite; and ſo on the 
contrary, the nearer that point from whence the diverging 
rays proceed is to the lens, the farther off from it and its 
focus is that point where they unite; provided however, 
that the point from whence theſe rays proceed be not at 
ſuch a diſtance, that inſtead of uniting they are thrown out 
of the glaſs either diverging »or parallel. Opticians, in or- 
der to find out the innumerable variations which theſe rays 
may form, make ule of a certain ſcience called Algebra, 
which after having extended its empire over all the regions 
of natural philoſophy, has ſince by the ingenious contriv- 
ance of intereſt been appropriated to civil uſes, to deter- 
mine the chances of thoſe games which are the moſt ſub- 
ject to the caprices of fortune, and has even inſinuated it- 
ſelf into the litigious provinces of law and morality. By 
the help of this ſcience, they have always certain letters 
at hand, called ſymbols, connected with each other by 
certain ſigns : with theſe, provided they know the quality 
of the lens, that is, the diſtance of its focus and of the point 
from whence the rays proceed which fall upon the lens, 
or the diſtance of the point to which the rays tend if they 
ſhould fall converging upon the lent, Opticians can tell 
you in a moment, whether the rays will unite or not, he- 
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ther they will go out of the lens diverging or parallel, and 


in what point they will unite. This looks like a ſpecies 


of magic, which perhaps would not have eſcaped unpu- 
niſhed in that age, when it was a crime to aſſert the motion 
of the earth, and the exiſtence of the Antipodes, 

The uniting of the rays diverging from ſeveral points, 
into the like number of points beyond the lens, which 


ſeems in itſelf a very indifferent thing, ſupphes us with 


one of the fineſt ſights you can poſſibly imagine. If to 
a hole made in the window-ſhut of a darkened room, you 
apply a /ens, and over-againſt this at a proper diſtance 
there be placed a ſheet of white paper, you will ſee all the 
objects which are without the window, eſpecially thoſe 
which are directly oppoſite to the lens, inverted and paint- 
ed upon the paper with a beauty, vivacity and ſoftneſs of 


colours that would make a landſkip drawn by Claude Lor- 


rain, or a viſto by Canalleto, appear faint and languid. 
Lou will perceive the diſtance of the objects exactly the 
ſame as you would do in a picture, that is, the ſmalneſs of 


thoſe objects which are far off, from a little confuſion and 


obſcurity, from a certain faintneſs of the colours, and in 
ſhort, from a moſt exact perſpective the grand ſecret of 
that happy art of delufion, painting, which accompanies 
and aſſiſts all I have been deſcribing. It is impollible to 
expreſs to you the pleaſure that reſults from the motion 
and life which animates this fine piece: the trees are really 


agitated by the wind, and theic ſhadow follows the motion, 


The flocks bound upon the lawns, the ſhepherd really 
walks, and the ſun-beams play upon the waters. Nature 
draws her own picture inverted and in miniature. 

It is pity, faid the Marchioneſs, that ſo fine a picture 


drawn by the hand of ſo excellent a maſter, ſhould be turn 
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ed upſide down, which I am as much at a loſs to find the 
reaſon of, as I am of the manner in which it is formed. 
Let us ſuppoſe, anſwered 1, without fide of the window _ 
over-againſt the Jenn an arrow to be placed horizontally, 
that is, even with the bottom of the window: let the point 
of this arrow be on the right-hand, and the feathers on the 
left. Suppoſe too that the extremity of the point emits 
rays npon the lens which entirely cover it. Theſe rays 
umte beyond the leur itſelf in another point, but in paſſing 
through the ent, inſtead of being on the right hand as 
they were at firſt, as proceeding from the point of the ar- 
row which we ſuppoſed to be on the right-hand, they 
change their ſituation, and are placed on the left, In the 
ſame manner the extreme point of the feathers throws rays 
upon the lens which unite in another point, and after their 
paſſage through the /ens are turned from the left to the 
right-hand, Juſt in the ſame manner as if a perſon held 
two ticks, one in each hand, and ſhould croſs them to- 
gether; that which before the eroſſing was on the right 
will afterwards be on the left-hand, and on the contrary, 


that which was on the leſt will be on the right, Now 


the rays, that fall upon the ene, croſs each other, juſt as 
theſe two ſticks do in the point where they touch. The 
ſame may be ſaid, if the arrow ſhould be ſet upright, 
Thoſe rays which preceed from the top of it, after being 


croſſed and paſſing through the /exs, remain at bottom, 


and thoſe which came from the bottom at top. Thus 
you fee the whole ſituation of the rays is changed, That 
which was at top is placed at bottom, and what was at 
bottom appears at top. That on the right-hand is turned 
to the left, and that on the left to the right. If a ſheet 
of paper be then placed behind the leus in the place where 


On LionT and Colo uns. 89 


theſe rays unite, they will draw you an image of the arrow in 
which the point ſhall be on the left hand, and the feathers 
on the right, or in other words, the image will be the 
reverſe of the object. You may eaſily transfer what 1 
have ſaid of the arrow, to a landſkip, a piazza, or any o- 
ther object, with this difference however, that all the parts 
of a landſkip or piazza cannot be equally diſtinct in the 
picture as thoſe of the arrow are, becauſe the rays unite 
at different diſtances from the Jens, in proportion to the 
different diſtance of the points from whence they flow. 
If, for inſtance, an object in the middle of this walk is ſeen 
diſtinctly upon the picture, as it will be if the paper be ſe 
in a place where the rays which come from it unite, thoſe 
objects which are nearer cannot be diſtin, becauſe the 
Point where the rays mite is at a greater diſtance; neither 
will thoſe objects which are farther off be diſtin, becauſe 
the point where their rays unite is nearer the lens, and 
conſequently the rays, as well of the one as the other, fall 
upon the paper disjoined, and only form an image there 
which will be very dim and languid, or in other words, 
confuſed; ſo that for thoſe objects which are far off, we 
mult place the paper nearer the Jens, and ſet it at a greater 
diſtance when we ſhould ſee thoſe which are near, 

It will now be neceſſary, ſaid the Marchioneſs, that you 
thould provide your ſelf with a lent, and give me a fight 
of theſe fine landſkips all round us upon a ſheet of paper. 
For I muſt confeſs, IJ have a great curioſity for this, both 
as a woman, 'and as a woman whom you have rendered 
half a philoſopher. I wiſh, anſwered 1, that 1 had one 
with me to ſatisfy your curioſity this moment, which by 
what you ſay mult be extremely ſtrong. But 1 will ſatisfy 


you as ſoon as 1 am able with a view of this camera obſcura» 
H 2 
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But what will you imagine if I ſay to you when we are in 
it, ſuppoſe yourſelf to be placed in one of your eyes, and 
to ſee every thing that paſles there? TE 

The camera $b/cura repreſents the inſide of our eye, 
w hich is nearly of the ſhape of a ball: the hole in the 
window is the pupil which is in the fore-part of the eye, 
and appears in all as a dark hole, ſometimes greater, ſome- 
times leſs. The lens is the chryſtalline humour which is 
exactly of that figure, and is placed over-againſt the pupil, 
and ſuſpended by certain little fibres called the ciliar pro- 
ceſſes, which proceeding from a coat or very thin ſkin 
which incompaſſes the inſide of the eye, are fixed in the 
edge of it: the paper on which the image of objects is de- 
Pictured, is the retina, compoſed of the filaments and 
medullary ſubſtance of the optic nerve, which is faſtened 
to the eye behind, and is the great channel of communi- 
cation between that and the brain. The ſpaces which are 
between the fore - part of the eye and the chryſtalline bu- 
mour, and between this and the retina, are filled with two 
humours leſs denſe than the chryſtalline, but denſer than 
the air. By the help of all this apparatus, external ob. 
jects are pictured upon the retina in miniature juſt as in 
the camera obſcura, and thus we ſee, 

Really I did not think, ſaid the Marchioneſs, that I 
ſhould be traniported thus in an inſtant from the camera 
obſcura, to the infide of my eye, nor that the fine picture, 
you before deſcribed, had ſo much relation to viſion, 
Many muſt have obſerved this, anſwered I, before you, 
without ſuſpecting any ſuch relation, If there be a hole 
made in any room which is otherwiſe dark, and this hole 
does not exceed a certain bigneſs, this will be ſufficient to 
bew you thoſe objects which are over- againſt the hole, 
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painted upon the oppoſite wall or the floor of the cham- 
ber. Is there no need of the Jens then, faith the Marchio- 
neſs, in order to the production of this picture? It is ne- 
ceſſary, anſwered I, to give it in ſome meaſure the finiſh- 
ing ſtroke, But even without the Jen if the hole be ſmall 
enough, and the oppoſite wall or the floor not very diſ- 
tant, the rays which paſs through the hole are near enough 
not to appear confuſed, and may draw a tolerable picture 
of the external objects upon the wall or the floor, 

If the chryſtalline humour becomes opaque, which is 
what forms a cataract, there is no other remedy in this 
cafe to recover the ſight, than by depreſſing the chryſtal- 
line humour, and cutting away the fibres which hold it ſuſ- 
pended, and then ſome faint repreſentation of the objects 
may be drawn on the retina of thoſe unhappy perſons. 
But as the picture in the dark room is much weaker and 
more confuſed if there be not a lens applied to the hole, 
ſo is that which is made upon the retina of theſe perſons, 
when the chryſtalline humour which is the let of the eye 
is no longer fixed over- againſt the pupil. It is true, thoſe 
two humours which remain, the glaſſy and aqueous, help 
the rays to unite, and a convex glaſs may in tome meaſure 
ſupply the defect of the chryſtalline humour, It would 
be well if this convex-glaſs could aſſiſt the eyes under a 
much more terrible diſtemper, in which, though they ſeem 
well and ſound, the retina or the optic nerve being weak- 
ned and obſtructed, cannot tranſmit any ſenſation to the 
brain of the images of objects, though they are clearly 
and diſtinctly drawn upon it. This diſtemper, which is 
called a gutta ſerena, occaſioned the blindneſs, if not ct 
the Greek, at leaſt of the Britiſh Homer, which he inter- 
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weaves in his poem among the beauties of Paradiſe Loſt, 
the battles of angels, and the pregnant abyſs. 

This picture then of the camera obſcura, ſaid the Mar- 
chioneſs, which ſeemed of no other uſe than to imploy 
idle people, or ſuch as have a taſte for painting, is in rea” 
lity of very great ſervice to us, and in ſome caſes even re- 
ſtores fight to the blind. Are we not obliged to Des Car- 
tes for having rendered it ſo uſeful to us? Des Cartes, an- 
ſwered I, is very happy, to whom you would willingly be 
obliged for every thing. But in this caſe your acknow- 
legements are due to an induſtrious German, who laid the 
foundation of many things which others have ſince brought 
to perfection. He was the firſt who gave us a true expli- 
cation of Viſion, which has always been a ſubject of ſpe- 
culation among philoſophers; and conſequently has had 
its ſhare of ridiculous notions. For ſome among the an- 
cients ſuppoſed certain rays, which, extending themſelves 
from the inſide of the eye to its ſuperficies, preſſed the air 
as far as the object to be ſeen; and this air finding ſome 
reſiſtance from the object, made it perceptible tc the ſight : 
others affirmed that Viſion was formed by the reflexion of 
the fight; that is, becauſe rays flowed from the eye to the 
object, and were from thence reflected back to the eye 
ſo that theſe gave it an exact information what the object 
was. Nor were there wanting ſome who affirmed that 
certain effluvia go from the eye, and meeting in their way 
with other effluvia of bodies, they link themſelves with 
theſe, and turning back again with them to the eye, give 
the ſoul a perception of objects. And the moſt rational 
among them aſſerted, that extremely fine membranes form- 
ed of particles and atoms are thrown off from the ſurfaces 
of bodies, and have mutually the ſame diſpoſition and 
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order, as there is in the ſurfaces of the bodies themſelves 
from whence they proceed, and that theſe membranes, 
which they call /mulachra, or images exactly reſembling 
the bodies from whence they are ſent, enter into the eye, 
and this is the cauſe of our ſeeing, And it is ſurpriſing to 
think that in ſuch an age as this, ſuch a country as Eng- 
land, there ſhould be found any perſon * who, ſhutting his 
eyes againſt the light of things, would be again immerſed 
in the profound darkneſs of unintelligible words, and aſſert 
that Viſion is formed by means of the different degrees of 
the expanſive force communicated from bodies to the eye 
through a plenum, and that the different modifications of 
it, as clearneſs, weakneſs, and confuſion in the fight, 
ariſe from the proportion which theſe expanſive forces have 
with the contractile ones of the optic nerves. - However, 
all the moderns except this, (who, like him that wrote in 
theſe latter ages againſt the circulation of the blood, was 
neceſſary to give us a ſpecimen of the infinite varieties and 
extravagancies of the human mind,) have rejected theſe 


* Dr. Robert Green, fellow of Clare-hall, Cambridge, publiſhed 
in 1712. a book intitled the principles of natural philgſophy, in which 
is ſhewn the inſufficiency of the preſent ſyſtems to give us any juſt account 
of that ſcience, and the neceſſity there is of ſome new principles in order ta 
furniſh us with a true and real knowlege of nature. In this book he un- 
dertakes to ſhew the unreaſonableneſs of the greateſt part of that 
philoſophy hitherto received under the name of the Corpuſcularian, 
and then proceeds to lay down thc principles upon which alone he 
thinks it poſh ble for nature to be explained. He farther endeavours 
to evince the incompetency of the preſent mathematics to furniſh us 
with any juſt or adequate reaſonings upon nature, and the neceffity 
there is of ſome new principles in that ſcience, which he has in 
ſome manner explained in the geometria ſolidorum annexed to this 
book, and from which he has been long aſſured that the ſquaring 
of the circle is not impoſſible. The celebrated Mr. Cotes pro- 
feſſor of aſtronomy uſed to ſay that this book ſhewed the author to 
have had as extraordinary a genius as Sir Ifaac Newton, fince it 
muſt have been the effect of deſign to guard ſo effectually as he did 
againſt ſaying any one right thing throughout ſo large a treatiſe. 
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chimerical explications, the offspring of pride and ignor - 
ance ; neither have they greatly eſteemed the reaſonings 
of thoſe who thought that the efluvia proceeded rather 
from the eye, than from the objects; fince it was more 
reaſonable they thould proceed from an animate than an 
manimate ſubſtance; that the ears, the month, and the 
noſe, were made concave to take theſe effluvia in, whereas 
the eye was made convex, and therefore proper to ſend 
them out. Notwithſtanding all theſe fine reaſons, optici- 
ans have reduced the eye to a perfect camera obſcura, re- 
jecting and extinguilhing that light which the greater part 
of the ancients ſuppoſed to proceed from it. Indeed the 
auguſt eyes of Tiberius mult perhaps be excepted, who, 
as it is ſaid, when he walked in the night, could for ſome- 
time ſee as well as in clear day light, which is {aid to ariſe 
from his emitting certain ſparks from them. You may - 
fay the fame thing of any other perion, who is conſidera- 
ble enough to deſerve that an exception ſhould be made in 
his favour. 

It will be neceſſary for us, ſaid the Marchioneſs, to look 
upon cats as conſiderable perſons, and make an exception 
in their favour too. We {hall willingly grant them that 
honour, anſwered I, only they muſt not take it ill it we ſay 
that the light, which ſeems to proceed from their eyes in 
the dark, ſerves only to give light to objects, and by this 
means the image may be drawn upon their retina: for 
Viſion, as well as innumerable other things, 1s performed 
in the ſame manner in men as in brutes; or rather we may 
acknowlege ourſelves obliged to thole for that evidence 
which we have of the manner ot its operation: for in or- 
der to demonſtrate it, we make uſe of the eye of an ox, 
or ſore other animal, at the bottom of which when the 
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coats are taken away, if we place a very thin and tran- 
ſparent paper, we ſhall ſee the image of thoſe objects, to 
which the eye is turned, drawn upon it and inverted, juſt 
the lame as in a camera obſcura. 

This ſnews how very capricious our ſenſes are. For 
inſtance, we ſay that there is heat in the fire no leſs than 
in our hands. Thus we confound one motion which is 
in the fire, and another that it raiſes in our hands, with 
the ſenſation of heat, which ſenſation is neither in the for- 
mer nor latter. But we do not ſay that colour is in our 
eye as it is in objects, though without diſpute the colours 

raiſe ſome vibration and motion upon the retina, and are 
Painted upon it as ſtrong and lively as they are upon the 
objects themſelves, Thus we confound two things in the 
perception of heat, and only one in that of colours. 

It appears, ſaid the Marchioneſs, that we are much 
obliged to our ſenſes in this point, for exempting us from 
one illuſion at leaſt. But do not they amply repay theme 
ſelves by thoſe many others to which they have ſubjected 
our ſight? We ſee only one object, though it be looked | 
at with both eyes, and ſee it upright, though it be drawn } 
inverted upon the eye. You are a little too much pre- 
judiced againſt the ſenſes, anſwered I, and I muſt for 

this time undertake their defence. Is not the reaſon of all 
this violence which you expreſs againſt Viſion, becauſe | 
you had not the explanation of it from Des Cartes? De- 
fend it, if you pleaſe, ſaid ſhe, without accuſing me, and 
reſcue it, if you can, from the charge of theſe two illuſions 4 
which J allege againſt it. Would they not rather be illu- = 
ſions, anſwered I, if we were to ſee an object double which ? ; 
we know to be ſingle, and that to be inverted which we IF 
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know to be direct? To-morrow we will enter upon a dif- 
cuſſion of theſe two points, which Huygens, one of the 
great promoters of knowlege in the laſt age, thought be- 
yond the reach of human underſtanding. To- morrow 
perhaps you may know more than that great man, but it 


is impoſſible for Sat acquiſition to render you more charm- 
ing chan you are N. 
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Several particulars relating to Viſion, diſcoveries in Op- 
tics, and a confutation of the Carteſian ſyſtem. 


HE Marchioneſs felt the utmoſt impatience to be 

more learned than Huygens. She was not for loſ- 
ing a moment's time, but would have continued our diſ- 
courſes upon Viſion, the next morning as ſoon as ever we 
were up. I told her that we muſt prepare ourſelves with 
fomewhat more ceremony for ſo high a degree of knows 
lege, and that it well deſerved that we ſhould at leaſt wait 
till after dinner, In the interim not to loſe time, ſhe might 
learn how it comes to paſs that the eye ſees the objects 
which are without it, but cannot at all ſee itſelf, And 
from hence ſhe might form a clearer idea of certain ver- 


ſes which no doubt muſt have been often addreſſed to 


her. 


This was all the optics ſhe could get from me _ the 


morning. She waited for the afternoon with as- much 
impatience, as an Initiate full of the expectation of being 
let into ſome profound myſtery. In order to underſtand 
why we fee only one object with two eyes, would you be 
pleaſed, Madam, ſaid I, if I ſhould tell you that in reality 
we ſee only with one eye, and that the other remains idle 
and at reſt? You had better, ſaid the, at once reduce us 
to a ſingle eye, and then you will have no farther difficulty. 
I ſhould be as well pleaſed, if you was to ſay that we walk 
only with one leg. You are more moderate, anſwered I, 
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than the Latin poet, who ſays, that women would be as 
ill. pleaſed to have but one lover, as but one eye. But 
this ſtrange explication however was given by a grave phi · 
loſopher, and reſembles the pride of the Chineſe, who 
fancy that all nations except their own ſee with but one 
eye, ſince both the one and the other are equally the off- 
ſpring of ignorance. But this may ſerve to let you ſee 
What difficulties there are in ſolving the queſtion we are 
now upon. Another made the optic nerves to reſemble 
two lutes compoſed of various ſtrings, which have an ex- 
act correſpondence with each other, ſo that the two images 
of the object falling upon ſtrings wound up to an equal 
height or a uniſon, the object mult appear ſingle. But all 
theſe fine and ingenious explications will not make you a 
better philoſopher than Huygens. I believe that the true 
explanation ef this difficult phænomenon, like many others 
in Viſion, depends upon experiments. The ſenſes of feel- 
ing and ſight lend each other a mutual aſſiſtance in the 
formation of our ideas, juſt as our eyes and ears help each 
other when we learn a new language. The ſenſe of feel- 
ing, which is much ſtronger than the fight, has conſtantly 
informed us that in the ordinary way of ſeeing, the object is 
but one, and by a long habitude we join the idea of one 
ſingle object with the two ſenſations of it. In the ſame 
manner an object that is felt with two hands or two fingers 
at 2 time, notwithſtanding the two ſenſations which we 
have of it, ſeems to be only one; and this is occaſioned 
by thoſe other ideas which we had conceived of it when we 
touched it only with one hand or one finger. If a button 
or a ball of wax be preſſed with two fingers at a time in an 
unuſual manner, by croſſing the fingers together, it will 
appear double, juſt as objects do when we ſquint upon 
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them. In both caſes the antecedent ideas of feeling are 
not ſo ſtrongly united by a long habitude with theſe un- 
uſual ſenſations, as to make us join them with the idea 
of one ſingle object. 

Do you believe then, ſaid the Marchioneſs with an air 
of ſurprize, that if a perſon had been long accuſtomed to 
| preſs a button with two fingers croſſed together, he would 
no longer feel it double? No certainly, anſwered I, for 
the very ſame reaſon that objects do not appear double to 
perſons who are naturally ſquint- eyed. Theſe by a long 
uſe acquire the ſame habit in their manner of ſeeing as we 

do in ours. We have a very ſingular and curious obſerva- 

tion to this purpoſe, upon a perſon who by ſome misfore 
tune had diſtorted and diſlocated one of his eyes. At firſt 
all objects appeared double to him, till at length by little 
and little, thoſe which were the moſt familiar to him, that 
ts, thoſe which he had the moſt experience of by feeling, 
became ſingle, and in time all the reſt, though the diſlo- 
cation ſtill continued. I may venture to affirm that, by 
virtue of this experience, Argus with all his hundred eyes 
did not fee the fine heifer committed to his charge by the 
jealous Juno, at all more multiplied than Polipheme did 
- his Galatea with only one eye, 

You ſeem to exult mightily, ſaid the Marchioneſs, in 
this experience which we gain from our touch : will it give 
you confidence enough to undertake by its aſſiſtance the 
folution of that queſtion I propoſed to you yeſterday : How 
it comes to paſs, that objects, which are drawn inverted 
upon the eye, appear direct in the mind? Theſe experi- 
ments, anſwered 1, extend farther than you perhaps ima - 
gine, and the ideas of ſight conſidered with regard to thoſe 


which we received from touch, are no more than four 
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ſtrokes of a pen compared to a fine relief. We have the 

example of a ſtatuary, who though he was blind, yet by 
the help of his feeling made tolerable good likeneſſes: one 
of the greateſt mathematicians in England, that land of 
phznomena, and who could give you a much better ex- 
planation of optics than I can, was yet deprived of his 
fight ſo young, that he may be affirmed to have been 
born blind, This perſon 1s certainly much more wonder- 
tul than that learned Frenchman, who, without either 
voice or ear, undertook to learn muſic, and very much 
improved the greateſt and moſt curious myſteries in that 
art. Feeling furniſhes the imagination of this great phi- 
loſopher with much clearer and more diſtinct ideas, than 
others receive from ſight, What a pleaſure would he 
have in making uſe of your fine fingers to explain the con- 
verging and diverging of the rays? On the other hand, 
what could we learn, or what could we do without our 
feeling? We ſhould be incapable to judge of the ſituation, 
diſtance, or figure of objects, as Berkley had propheſied, 
who perhaps conſidered the metaphyſics of Viſion more 
than any one ever did; and experience has verified this in 
{ome perſons, who, after being cured of cataracts born 
with them, could not form any judgment, till the touch 
lent them its aſſiſtance; without this, our eyes would con- 
tinually tantalize us with a view of knowlege and pleaſure, 
which we could never enjoy, The daily experiments then, 
that we make with our feeling, inform us that objects are 
direct, in the ſame manner as they teach us they are ſingle, 
that they are placed in certain ſituations, at certain diſ- 
tances, and of certain figures. I believe Des Cartes is the 
only one who ever pretended to give an immediate expli- 
cation of this difficult phænomenon by a ſimilitude. Sup- 
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poſe yourſelf, ſaid he, to have two ſticks acrols each other, 
one in your right, and the other in the left hand, and to 
walk with your eyes ſhut about a room with theſe ſticks 
before you. There is no queſtion but you will think thoſe 
things which you touch with the ſtick in your right-hand, 
and which by this means will make a preſſure upon that 
hand, to be on the left; and in like manner whatever you 
touch with the other ſtick in the left-hand, you will affirm 
to be on the right. After the ſame manner the rays which 
proceed from objects to the bottom of the eye, crofling 
each other in the chryſtalline humour, thoſe which pref; 
the retina on the right fide will make you reſer thoſe points 
from whence they proceed to the left fide, and thoſe rays 
which preſs it on the left you will refer to the right ſide; 
and thus thoſe rays, which preſs upon the upper parts of 
the retina, will make you refer the points from whence 
they proceed to the lower part, and thoſe of the lower to 
the upper. And by this means the image, which is in- 
verted upon the retina, makes you ſee the objects direct. 
Indeed, ſaid the Marchioneſs, this is very ingenious; 
why may not we confine ourſelves to this without ſeeking 
any other, ſince it gives us an immediate explication of 
our phznomenon ? Experience, anſwered I, unhappily 
informs us, that this is not an ingenious explication : a 
boy who ſtands upon his head ſees every thing inverted, 
notwithſtanding the images of external objects are pictured 
upon his retina, in the very ſame manner when he is in 
this ſituation as they are when he ſtands upon his feet. 
He has no dther idea of high and low, than what regards 
his own ſituation ; and when he is in this inverted politi. 
on, he imagines the whole univerſe to be ſo too. Beſides, 
the explication of Des Cartes ſuppoſes the idea of high 
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and low, right and left, which we can only have from 
feeling, to be antecedent. 

It is our feeling, which by an experiment every moment 
repeated has conſtantly taught us to call the earth, to- 
wards which we find ourſelves continually carried by gra- 
vity, /oww, thoſe things which are contiguous to the earth, 
as the pedeſtal of a pillar or our feet, below; and thoſe 
things which are diſtant from the earth, above; as our 
head or the top of a tree, The ſenſe of feeling conveys 
theſe and the like ideas into the ſoul of a man born blind, 
v-ith as much exactneſs as that of ſight does the ideas of 
colour into ours, Now, if we ſuppoſe that vail which 
hides the viſible world from his ſight, to be taken away 
al at once, and conſider in what manner he would judge 
of the ſituations of objects, we might from thence arrive to 
a clear knowlege of the manner in which we ourſelves judge 
of them, fince we have the ideas of high and low in com- 
mon with him: he would. certainly be more ſurpriſed at 
firſt opening his eyes, than the famous“ Epimenides was 
after his long fleep of ſo many years, who remembered 
nothing which he ſaw about him when he walked, not 
even the place where he had been born and brought up. 
A new ſcene of ideas diſplays itſelf to him, a torrent of 
new perceptions ruſh upon him through this new avenue 
by which objects enter the ſoul. Amazed and overwhelm- 


* A Cretan philoſopher, when he was a boy, being ſent by his 
father into the country, to fetch a ſheep, he turned out of the road 


at noon, and repoſed himſelf in a cave, where he ſlept 59 years. Af- 


ter this refreſhment he awaked and looked about for the ſheep, ima- 
gining he had ſlept but a little while; not finding it, he proceeded 


to his father's country eſtate, where he ſaw every thing altered and 


in poſſeſſion of another. He then returned to the city, and went 
to his father's houſe, where his younger brother, now grown an old 
man, at laſt knew him, and gave him an account of all that had 
happened. He was held in great veneration among the Greeks, 
who imagined him a peculiar favourite of heaven. He is ſaid to have 
lived till 150 years old, or, according to others, 297- 
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ed with them, he finds himſelf tranſported, without know- 


ing how, into another world, What a pleaſure, what 
an extaſy muſt this be, ſaid the Marchioneſs ! If novelty 


which always hovers about theſe things of which we have 


an idea, and is nothing more than an unuſual combination 


of thoſe objects we are already acquainted with, affords 


ſo much delight, what an infinitely greater pleaſure muſt 
this man have in a world of things really new, and a new 
combinations of thoſe ideas which he before had joined 
to thoſe, with which the addition of -another ſenſe abun- 
dantly ſupplies him. But as human happineſs is too often 
attended with ſome alloy, is it not poſſible for him to ſee 
ſomething that would make him with his eyes ſhut again 
when they were hardly open ? He would have great rea- 
ſon to believe, that thoſe objects would appdar pleaſing 
to this new ſenſe, which had been ſo to the reſt, and flat- 
ter this as agreeably as they had done thoſe, But might 
not the event happen quite. contrary to his expeCtation ? 
and thoſe objects, which had delighted his touch and hear 

ing, prove very diſagreeable to his ſight? So that inſtead 
of increaſing the number of his pleaſures, this new ſenſe 
would deprive him of the moſt ſenſible of them, and per- 


| haps cruelly diſſolve ſome pleaſing tye which the others 


had cloſely bound. 

It is true, anſwered I, that theſe ſenſes do not always 
agree : how many perſons do we daily ſee, who, convinced 
by ſorrowfnl experience, that the reality of things does not 


agree with their outward appearance, find themſelves too 


ſoon in poſſeſſion of what they once thought they could 

never obtain ſoon enough? A blind man, anſwered the 

Marchioneſs, at leaſt, while he is in love, ſhould never 

deſire to ſee; ſatisfied in the judgmente thoſe ſenſes which 
MY 
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repreſent an object agreeable to him, why ſhould he aſk 
that of another, which perhaps would at once condemn 


his choice, and, like reaſon, probably make him ſee his 


misfortune without giving him any aſſiſtance to avoid it? 
The only conſolation, anſwered 1, that this miſerable per- 
ſon could have under the misfortune of ſight is, that he 
would not be unhappy ſo ſoon as you perhaps imagine. 
How! ſaid ſhe, if the joy of receiving his ſight did not 
entirely deprive him of all complaiſance, would not the 
very firſt thing he deſired to ſee be that perſon for whoſe 
ſake he principally wiſhed for the ſight of his eyes? And 
when he had ſeen her, he would immediately, if ſhe ſhould 


appear diſagreeable, perceive his unhappineſs, if with re- 
gard to beauty, love did not render him a ſecond time 


blind. He would enquire for her, anſwered I, would ſee 
her, and yet would not by that means know her again, 
This would be a miracle even beyond the power of love to 
effect; he would hear, if you will, the ſound of thoſe words 
pleaſing to his ear, and ſtill more pleaſing to his heart, 

but he would not know the mouth from whence they pro- 
ceeded. Yet more, he would be fo far from diſtinguiſhing 
another, that he would not diſtinguiſh himſelf, his own 
feet or hands, from any aſſiſtance his new ſight could 
give him, ſince he mult be utterly ignorant of the con- 
nexions which the perceptions ↄf fight have with thoſe of 
the touch; yet this connexion is abſolutely neceſſary in order 
| for his knowing thole objects again of which he had no idea, 
but what he received from ſenſes of a nature very different 
from that of ſight, and depends upon an experiment which 
he has never yet made, His own hands would be the firſt 
object he would learn to diſtinguiſh, by touching and look- 
ing vpon them at the ſame time, and remembering that 


on Liour and Colours, tog 


ſuch an idea of his feeling would agree with ſuch another 
of his ſight, When he had learnt this ſhort leſſon, love 
would the more eaſily conduct him to thoſe experiments 
that would ſoon, either to his joy or ſorrow, ſatisfy his cu- 
riolity, and we will conduct him to thoſe that may content 
ours, which is of a more philoſophical nature, 

One of the firſt he would try, would be to lift up that 
hand which he has now no trouble to diſtinguiſh, and in 
doing this, he would perceive ſome change in the ſituation 
which he received of it from his ſight, and the reaſon of 
this change is becauſe the image changes its ſituation in the 
retina, in proportion as the hand is higher or lower, Guide 
ed by nature herſelf, he would diligently obſerve what 
ſort of ſenſation he felt when he held his hand up, and 
whenever he felt the ſame ſenſation raiſed in him, either by 
the ſame or any other objects whoſe image would fall in the 
ſame ſituation of the retina, though-unknown to him, he 
would conclude that object to be high, or in that fituation 
in which his hand at firſt was. By this means connecting 
the old ideas of feeling, with the new ones of ſight, he 
judges of the height or lowneſs of the object, of its being 
direct or inverted; and it is of no importance, whether the 
image of this object be pictured upon the retina, direct, or 
inverted, or in any other poſition, - 

External objects are fgnified to him, if I may uſe that ex- 
preſſion, by certain ſenſations of light and colours, as the 
thoughts of the ſoul are to us by certain characters, not by 
virtue of any reſemblance between the one and the other, 
but by means of an arbitrary, yet conſtant and perpetual, 
connexion which we have obſerved between them. And 
as when we are accuſtomed to any particular manner of 


writing, it makes no change in the order of the ideas which 
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theſe characters excite in us, whether they be written from 
left to right, as ours are, from right to left like the Oriental, 
or from top to bottom after the Chineſe manner; ſo whe- 
ther certain images be drawn direct or inverted upon the 
retina, it does not at all change our judgment of their ſitu £ 
ation, 

The blind perſon, who has hitherto ſafely conducted us 
through this labyrinth, reſembles each of us, We en- 
ter into hight with our eyes ſhut, and probably do not 


begin to /ee till we have for ſometime ſelt. Thus, Madam, 


you are indebted to the predominant ſenſe of feeling, 
for this new explication too, and however little you may 


imagine it, you will find that to this you have had the 


greateſt obligations through the whole courſe of your 
life. N 

I fee very plainly, ſaid ſhe, that you intereſt yourſelf for 
the honour of the touch, much more than for that of Des 
Cartes; and it is not poſſible to propoſe any difficulty but 
You will be ready to give it a ſolution by the help of this ſenſe, 


There are other difficulties, anſwered I, which I will give 


you a ſolution of without this, that you may ſee I have great 
plenty of explications, One of theſe perhaps may be to 
know what change muſt be made in the eye, in order for it 
to have a diſtin view of objects placed at different diſtances, 
For as in the camera obſcura, the rays which flow from 
objects that are near unite at a greater diſtance from the /ezs, 
than the rays of thoſe which are more remote ; ſo the very 
ſame thing happens in the eye, where the rays, which pro- 
ceed from the pillars of this gallery, unite at a greater diſ · 
tance from the chryſtaline humour, than thoſe that: come 
from theſe trees which are farther from it: what change 
then muſt be made in the eye, in order that when we look 
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upon theſe trees, after having looked upon the pillars, the 
rays which proceed from them may be united upon the 
retina, or in other words, that we may have a diſtinct view 
of them? The retina, anſwered ſhe, muſt be brought 
nearer the chryſtalline humour, juſt as the paper in the 
camera obſcura is brought nearer the lens, in order to give 
us a diſtinct image of the more remote objects. 

You have hit upon the true explanation, anſwered I; 
and ſome have affirmed, that certain muſcles, which in- 
compaſs the eye, are made uſe of to produce this effect, 
and preſs the retina farther back from the chryſtalline hu- 
mour, or bring it more forward, as different occafions 
require. Theſe muſcles have beſides another office, and 
help us to lift up or depreſs the eye, to turn it to the right 
or left, and give it a certain oblique motion which Venus 
has the principal care of regulating. Others have ſup- 
poſed that the retina remains immoveable, and that the 
chryſtalline humour approaches nearer to it, and removes 
farther off, or that the chryſtaline humour only changes 
its figure, growing more convex for near objects, and leſs 
fo, for thoſe which are diſtant ; and others have affirmed, 
that each of theſe happens at the ſame time, which will 
produce the ſame effect, as if the retina approached to or 
receded from the chryſtaline humour; but you had better 
ſuppoſe this latter, becauſe it is eaſieſt to imagine. For 

every diſtance then, there is required a new conformation 
in the eye, and becauſe this cannot be effected without 
motion, and a certain effort, ſome are of opinion that the 
eye informs us of the various diſtances of objects by a 
certain natural geometry. But this way of judging, eſpe- 
cially where very diſtant objects are concerned, is extremely 
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uncertain, as indeed almoſt all the reſt are which have 
ever appeared upon the ſtage of philoſophy. 

But however this be, there are ſome perſons who can- 
Not bring their retina ſa near to the chryſtaline humour 
as 1s neceſſary, in order to give them a diſtin& view of diſ- 
tant objects. There are others, who, on the contrary, 
cannot preſs it back far enough, to make objects which 
are near appear diſtin, The firſt of theſe, who are vul- 
garly called ſhort-fighted, are by opticians named myopes, 
and the ſecond, commonly called long- ſighted, prerbytz : 


| theſe may be conſidered as the extremes betwixt which 


that fight, which is called juſt and perfect, ſtands. Not- 
withſtanding the honour of being diſtinguiſhed by names 
drawn from Greek, theſe perſons could not help perceiving 
they had a defect in their eyes, which led them to ſeek 
for ſome remedy: the myopes in order to have a diſtin& 
view of diſtant objects, and the precbytæ of thoſe at hand. 
Theſe laſt found relief in convex-glaſſes, which, applied to 
the eyes, removed their defect; for theſe makingthoſe rays 
to become converging, which would without their aſſiſt- 
ance have fallen diverging upon the chryſtalline humour, 
unite them at a leſs diſtance than they would otherwiſe 
have done; and the image of thoſe objects which are op- 
polite to the /ens, is drawn diſtinctly upon the retina. 
The myopesr found their remedy in concave glaſſes which 
diſperſe the rays and make them diverge ; contrary to the 
convex ones, which make the diverging rays become con- 
verging. Theſe concave-glaſſes then give a diſpoſition to 
the rays, as if they came from a nearer object than they 
really do, and applied to the eye of a »2yope, they in a cer- 
tain manner tranſport the diſtant object to a nearer ſitua- 
tion, and thus a diſtinct image of it is drawn upon his re- 
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tina; for there is nothing more required to give ſhort · 
ſighted perſons a diſtinct view of any thing, than to bring 
it nearer to their eye. | 
It was very happy for them, replied ſhe, to find theſe 

glaſſes as ſafe and eaſy a remedy perhaps as ever the art 
of phyſic itſelf invented. But what did they do before 
they were found out ? Till the thirteenth century, anſwer. 
ed I, when theſe glaſſes are ſuppoſed to be invented, the 
Myopes were obliged to approach near to diſtant objects in 
order to ſee them diſtinctly, hoping perhaps that an ad- 
vanced age, when according to the common opinion the 
retina approaches nearer to the chryſtalline humour, might 
give them ſome relief from this inconvenience; but indeed 
this is a remedy much worſe than the diſeaſe. The Preſ- 
bytz, on the other hand, were obliged to remove a great 
way off, without any hope of ever ſeeing the objects ſitu- 
ated near them diſtinctly, if they ſnould at any time have a 
curioſity for it, and they continually tormented their eyes 
with plaiſters and collyria, without gaining the leaſt ad- 
vantage to their ſight, I think the condition of theſe laſt, 
ſaid the Marchioneſs, much more to be pitied than that of 
the ſirſt, both becauſe they cannot flatter themſelves with 
the leaſt hope of growing better, and becauſe they loſe a 
great deal more in the converſation of ladies than the My- 
opes do. How miſerable muſt have been the ſtate of a 
poor Preſbyta, who could never have a diſtinct view of his 
miſtreſs, unleſs he breathed his ſighs ten foot diſtant from 
her ! 
T̃ heſe are not ſo much to be pitied, anſwered I, as you 

imagine, ſince this defect generally happens in an age when 
hope and the converfation of ladies naturally deſert us, 
For this is a defect of old men, as the very word Preſbyta 
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imports. But there are other defects and infirmities of the 
ſight incident to all ages, which are never placed in the 
number of defects, for the very ſame reaſon that the folly 
of being more ſolicitous for the future than the preſent, 
and by that means continually procraſtinating our happi- 
neſs, is never reckoned among the liſt of follies, namely, 
becauſe it is common and univerſal. Philoſophers, who 
have a quicker perception of things, have diſcovered and 
ſought remedies for theſe defects; one of which is, that 
very ſmall objects are inviſible, however near they may be 
placed to the eye; the other, that very diſtant objects can- 
not be diſcerned, even if they are of a very great magni- 
tude. Theſe are inconveniences which you ſee are not at 
all felt by the vulgar, but reſerved for the curioſity and 
nice perception of philoſophers. The reaſon of both de- 
fects is, becauſe the image of very ſmall or very diſtant ob- 
jects, painted upon the retina, is not big enough to be 
perceived by the eye, notwithſtanding the proximity of the 
one, or extraordinary magnitude of the other. The re- 
medies invented by philoſophers to ſupply them are certain 
inſtruments, whoſe only buſineſs is to magnify this image 
and render it perceptible to the eye, by means of various 
combinations of glafles, or by one alone. Thoſe which 
are made uſe of to diſcern diſtant objects, are called tele/- 
copes, and thoſe which help us to a ſight of exceeding ſmall 


objects, microſcopes, We are obliged to each of theſe för 


an infinite number of diſcoveries, which could never have 
been made without them, The heavens are the principal 
object of the te leſcape, from whence it has furniſhed philoſo- 
Phers with more curioſities than ever Columbus could bring 


from America to enrich the cabinets of the naturaliſts, 
For not to ſpeak of the hills and vallies which they have 
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diſcovered in the moon, the ſatellities of Jupiter ſo very 
uſeful to geography, thoſe of Saturn with his ring, it is to 
thoſe teleſcapes that we owe our diſcovery of the ſpots in the 
ſun, Jupiter, and Mars, which are neceſſary in order to 
determine the periods of their revolution round themſelves, 
and by the aſſiſtanee of theſe, aſtronomers have given us 
ſo exact a map of Venus, that they are as well acquainted 
with her mountains in heaven, as the geographers are 
with thoſe upon earth, They have diſcovered that this 
planet has an increaſe and decreaſe, that it is at one time 
half, at another full, in ſhort, that its appearance and 
Phaſes exactly reſemble thoſe of the moon, as it had been 
conjectured by the celebrated Copernicus, before the in- 
vention of the teleſcope. | Theſe give the celeſtial bodies 
their proper diſtances, and have ſhewn us an infinite num- 
ber-of ſtars, unknown to the antients, diſcovering ſo great 
a quantity in the milky-way, as is ſufficient to ſupply ten 
or twelve worlds beſides our own, In ſhort they have 
given us a true ſyſtem of our world, by extending its con- 
fines to infinity; ſo that if a poet, to Aatter a nation which 
had made a greater progreſs in the conquelt of the world, 
than in the knowlege of its frame, could fay, that when 
Jupiter turned his eyes upon our earth, he could ſee no- 
thing in it that was not ſubject to the Roman empire, we 
may affirm with greater truth, that if he looked upon the 
heavens, or at lealt the /o/ar vortex, he could not fee any 


thing in it, but what is the diſcovery and conquelt of the 
teleſcope. | | 


You repreſent theſe teleſcopes to me, replied the Mar- 
chioneſs, under ſuch ſublime images, that I am afraid the 
microſcopes will make but a very inſignificant figure, when 
compared to them. There is, anſwered I, a very remark - 
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able difference between them, in which I believe the laſt 
have the advantage, The teleſcopes, it is true, by dif- 
covering to us the hills and valleys in the planets, their ſta- 
tions, revolutions round their own axis, that is to ſay, their 
dry and night, the moons that from time to time ſupply 
Lhe abſence of the ſun; in ſhort, by repreſenting them to 


be of the ſame nature as our earth, have furniſhed us with 
materials to people theſe vaſt and immenſe bodies which 


were before uninhabited, ſtood neglected in a corner of 
the univerſe, and were believed to exiſt for no other end 
than to pleaſe our eyes, But microſcopes have made us in 
reality ſee an infinite number of animals, of which we had 
not the leaſt knowlege before, in things which were not 
looked upon as very proper to afford them a habitation. 
Not to ſay any thing of the diſcoveries in anatomy and na- 
tural hiſtory, which we owe to theſe glaſſes; aromatic in- 
fuſions, a drop of vinegar, are peopled by ſo prodigious 


2 number of little animals, that Switzerland and China 
would appear empty and uninhabited, when compared to 
them. The'ricroſcope, ſaid ſhe, is the compaſs of phi- 


loſophy ; each of theſe have given their alſiſtance to the 


diſcovery of new worlds; the only difference is, that the 


microſcope has lent irs art to people, and the compaſs to 
deſtroy. 

It is very wonderful, anſwered I, into what innumerable 
animal worlds philoſophers have penetrated, under the 
guidance of this compaſs. It is an amazing thing to re- 
tle upon the minuteneſs, art, and curioſity of the joints, 
bones, muſcles, tendons, and nerves neceſſary to perform 
the ſwift motions of the ſmalleſt microſcopical animals. 

Theſe diſcoveries ſhew us in how little a compaſs all art 


aad curioſity may be comprized, even in a body leſs than 
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a ſmall grain of ſand, and yet as complete, as exquiſitely 
formed, and as finely adorned, as that of the largeſt ani 
mal. Their multiplicity is no leſs ſurpriſing chan their 
extreme ſmalneſs. A drop of the green {cum upon water, 
no bigger than a pin's head, will contain no fewer than 

an hundred; which, far from being confined in that narrow 

extent, play about in it with all the freedom imaginable. 

The eye of a butter fly will contain more than twenty-four 

millions ofeyes; and the wonder is [till greater, when we come 

to conſider the organization of their fine and minute parts. 

If the eye of a fly, which ſeems to be a little misformed 

protuberance, be looked on thro? a microſcope, it appears 

to be only a compoſition of thouſands of little eyes, juſt as 
ſome nubilous ſtars, on being viewed with a teleſcope, ap- 

Pear to be a cluſter of innumerable other ſtars. In ſome 

inſets there have been counted no leſs than thirty four 

thouſand of theſe little eyes, which, notwithſtanding their 
extreme ſmalneſs, had each of them a chryſtalline humour 
as perfect as ours. | 

Why are not our eyes, ſaid the Marchioneſs, of ſo fine 


a texture? This queſtion, ſaid I, has been already an- 
ſwered. 
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For ibis plain reaſon, man is not a fly. 
Say lo avhat uſe were finer optics given? 
To inſpect a mite, not comprehend the heav'n. 
But in fact, there are ſome inſects, that with theſe mi- 
croſcopic eyes can ſee as far as the greateſt part of men. 
The bees, an induſtrious ſpecies of flies, from whoſe labour 
we reap ſo great an advantage, can direct themſelves ſafely 
to their hives, though at a mile diſtance, when they re- 
turn laden with the ſweet treaſures of the ſpring, It ap- 


pears that what nature has given us in reaſon, ſhe has de- 
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nied us in exquiſiteneſs of ſenſe, Pigeons, the cour'ers 


of the eaſt, ſuch as that which brought news from Egypt 
to Jeruſalem, when it was beſieged, of a quick and power - 


fal ſuccour, or that beautiful one preſented by Venus to 
Anacreon in exchange for one of his odes, and which, 
for having ſo often carried his letters to Bathyllus, deſerved 
to ſleep, and be ſung upon that lyre which could reſound 
nothing but love; theſe flying couriers, I fay, being let 
looſe, by the perſon, who has a mind to ſend home news 
of himſelf, aſcend a prodigious height, and from thence, 
though at a very great diſtance, can ſee their native coun- 


try, and ſafely direc their flight to it, without the help 


of either ſtars or compaſs. Moles ſeem to be quite con- 
rrary to theſe ſharp- ſighted couriers, Nature, ſaid the 
Marchioneſs, has perhaps made them amends ſome other 


way. It 1s probable, that ſhe has conſtituted the condi- 


tion of animals pretty near as equal as that of men. Their 
eyes, anſwered I, are certainly not to be envied : they are 
ſo ſmall, and covered with hair, that it ſeems as if nature 
had given theſe tenants of darkneſs, eyes to ſee the light, 
for no other end than to fly from it. "Theſe animals are 
not formed to contemplate the wonders of the microſcope, 
nor ſee in one drop of water ſo many thouſands of animals, 
organized with that exactneſs which is neceſſary to enable 
them to ſee, move, and nouriſh both themſelves and other 
little animals, which repay them the miſchief they do to 
us, and to contain within them an infinite number of ſtill 
other little animals of their own ſpecies, much leſs than 
they, and which only wait to unfold themſelves to make 


their appearance in the microſcope, Theſe obſervations 


open a ſcene of innumerable other worlds of animals un- 


known before, which, notwithſtanding their extreme and 
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ſurprizing ſmalneſs, have their greater and leſs, their ele- 


phants and ants, juſt as ours has; the only difference is, 


that our ants become elephants when compared with their 


largeſt animals, or rather are as the immenſe diſtance of 


Saturn from us, is to the extent of a grain of ſand. 
Indeed, ſaid the Marchioneſs, this new ſcene of pigmy 


worlds gives me as much pleaſure, as that other immenſe 


and gigantic ſcene of vortices, or ſuns diffuſed over the 
whole univerſe. The little has its beauties as well as the 
great, or rather, anſwered I, there is no great or little, 
but with regard to ourſelves. Gulliver, who could deſtroy 
the Liliputians like ſo many flies, was among the Brob- 
dinagians kept in a cage like a Canary bird, or for an or- 
nament npon the chimney, like a Chineſe pagod. It is 
principally the microſcope, and that infinite number of 
pigmy worlds diſcovered by it, which has rectified our 
ideas of great and little ſo much, that I am perſnaded, 
that the conſideration of this incredible and ſurprifing 
ſmallneſs, which it has rendered perceptible to our ſenſes, 
has ſerved to ſoften and familiarize to mankind another 
conſideration which is the maſter- piece of human under- 
ſtanding, and directly leads us to the ſubverſion of great 
and ſmall, This is the contideration of infinitely ſmall 


quantities, which has made fo great a noile in the learned 


world, and which you perhaps may have heard of. The 
meaning of this expreſſion is, that there are parts and 
quantities in extenſion, ſo exceedingly ſmall, that they may 
be reckoned as nothing when compared with our meaſures, 
as the fathom, foot, inch, and the like, So that if one 
of theſe quantitics was added to the extremity of a line, 
for example, of a foot, it would not increaſe the length of 


it, nor decreaſe it if it was to be taken away, And the 
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mathematicians affirm, that in theſe quantities, infinitely 
imall with regard to the ordinary meaſures called dif. 
rences, there are innumerable orders and gradations, ſo 
that a quantity, which is infinitely ſmall compared with 
the order of our common meaſures, is infinitely oreat 
when compared with an inferior order of infinitely ſmall 
quantities, and ſo of the reſt, The moſt enormous ſizes 
we have may become infinitely ſmall when compared with 
an order of greatneſs infinitely ſuperior. To how ſmall 
a ſize is reduced the coloſſus of Nero, or that of Rhodes, 


when compared to mount Athos, carved in the ſhape of a 

man, and holding a city in one hand, and pouring out a 

river in the other? Compared to Milton's Satan, Virgil's 

Fame, the formidable Shade of “ Camoens, that Polepheme 

of the ocean, which appeared to the Portugueſe ſailors, hid 

its head in the clouds, and its feet in the unfathomable abyſs 

of the ſea; or in thort, what would all this appear to that 

angel ſeen by Mahomet in his myſterious night, whoſe 

eyes were ſeventy thouſand days journey diſtant from each 

other? It is computed that if he were of a human ſhape, | 

there mult be the diſtance of forty thouſand years journey | 

from his head to his feet. . 
Probably, ſaid the Marchioneſs, there muſt be a great 

number of teleſcopes and ſpeaking-trumpets in the Turkiſh 

| paradiſe, in order for the Mahometans to be able to fee 
| and converſe with theſe diabolically great angels of theirs, 


| * Camoens, the famous Fortugueſe poet, in his Luſiada, the ſub- 
| ject of which is the diſcovery of the Eaſt Indies by his countrymen, 
* conducts their fleet round tlie coaſt of Africa, and as it ſails in ſight 
of the Cape of Good Hope, he introduces a formidable ſpectre walk- 
ing in the depth of the fea, its head reaching to the clouds, its arms 
extended over the waves, andits whole form ſurrounded with clouds, 
ſtorms, winds, thunders, and lightenings. This ſpectre is the guar- 
| dian of that foreign ocean which no ſhip had ever paſſed through be- 
tore, complains of his being obliged to ſubmit to fate, and the bold 
A of the Portugueſe, and foretels them the misfortunes 
they muſt undergo in the Indies. 
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There are, anſwered I, the ſame orders of infinites in 
the ſucceſſion of time, as there are in extenſion, An hour, 
a minute, a ſecond, are of an infinite duration compared 
with periods of time infinitely ſhorter. How enormous 


muſt the duration of the Roman empire ſeem to an animal, 


which in the ſpace of five or fix hours is born, grows up, 
produces one like itſelf, becomes old, and dies? What 


we ſhould call the flight of time, would ſeem to this 
inſet an eternity. But what are theſe durations of empires, 


this long ſucceſſion of kings, emperors, conſuls, and theſe 
tedious ſieges, when compared with eternity? Is it more 
than a point in which we live, fight, raiſe ſuch great com. 
motions, and make ſo much noiſe ? The Orientals ſay, 
there is a god that governs this world, who dies at the end 
of a hundred thouſand years, and this ſpace another ſu- 
perior God eſteems but as a minute. And yet all theſe 
examples give us but a very imperfect idea of infinity, This 


\ conſideration, the utmoſt ſtretch of the human mind, which 


we owe to Sir Iſaac Newton, and which entirely overthrows 
all the ideas of abſolutely great or little, was the founda- 
tion of the famous arithmetic of fuxiozs, or infinitely ſmall 
quantities, which tranſplanted geometry into a province 
entirely new, Here it made ſo rapid and great a progreſs, 
that all it had done before ſeems nothing, and here by the 
aſſiſtance of new diſcoveries it produced ſuch ſtrange para. 
doxes, that they have in ſome meaſure clothed truth in 


the agreeably ſurprizing dreſs of fiction: and what is the 
' moſt remarkable in the new geometry is, that by conſider- 


ing the properties, relations, and habitudes between in- 
finitely ſmall quantities, it arrives at the diſcovery of com- 
mon and finite meaſures, which are the object of our en- 
quiries. 
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If the ſagacity which we ſo much admire, ſaid ſhe, con- 
ſiſts principally in uniting thoſe things in the mind, and 


finding their relation, which ſeem to be in their own na- 


ture disjoined and ſeparated, what an unlimited under- 
ſtanding muſt Sir Iſaac Newton have had to find the rela- 
tion, and in ſome meaſure unite theſe quantities, disjoined 

and ſeparated from each other by the immenſe tracts of 
infinity, where the human imagination quite loſes itſelf! 

And, continued I, the conſideration of theſe infinitely ſmall 

quantities that we neither fee, nor can conceive, which 
appeared only fit to perplex geometry, have in fact ſerved 
to render it more eaſy, and reduced it at the ſame time to 

ſuch general rules, that the moſt ſublime and abſtruſe 
truths, in this ſcience, are at preſent nothing but one of 
the infinite conſequences which is loſt among the croud of 
thoſe that are deduced from the ſtroke of a pen; and, if 
you pleaſe, in a circle of ladies; truths that once required 
an Archimedes, with all that attention of thought which 
was neceſſary to make a perſon inſenſible of the noiſe of 
a town taken by ſtorm, and be knocked on the head with- 
out percerving it. 

This conſideration then of infinitely ſmall quantities, 
faid the Marchioneſs, and the obſervations of the micro- 
ſcope, which have rendered it more familiar arid common, 
have given a very ſtrange turn to geometry, It now treats 
of quantities, which from their extreme ſmalneſs were once 
utterly unknown, and does not at preſent diſdain to enter 
into the company of ladies. A province with which I be- 


heve it was once as little acquainted, as with that of the 


infinitely ſmall quantities, It is true, anſwered I, that 
geometry is rendered ſo very familiar. as ſometimes to ſuf- 
fer itſelf to be treated Ly a hand 2s beauceous as that of 
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Venus of Medicis. But it is true likewiſe, that it ſometimes 
reſumes its fierce and ſavage diſpoſition, eſpecially when 
it is attended by that train of conſequences, deduced from 
the ſtroke of a pen, as ] before mentioned to you, and 
goes back into ſolitude and retirement. 

Mankind however, ſaid ſnhe, ought to think themſelves 
greatly obliged to the microſcope, for having contributed 
to ſoften and familiarize a thing whoſe very name alone in- 
ſpired ſo much terror. Mankind, anſwered I, are not 
very often guilty of the fin of gratitude; and, as that po- 
lite philoſopher, who is to inſtruct you in the motion of 
the earth, obſerves, there are ſome who make no ſcruple 
to treat the ſtudy 6f anatomy, which perhaps may have 
ſaved their lives, as a uſeleſs thing. You may.judge from 
hence, whether it be probable that mankind will be grate- 
ful at the expenee of ſo much conſideration as is neceſſary 
in order to know whether the microſcopes have contributed 
any thing to familiarize the calculation of infinitely ſmall 
quantities, what this calculation is, and what uſes it may 
have; all which things are neceſſary to form awell-grounds 
ed and rational gratitude. An Engliſh frier, ealled Roger 
Bacon, who lived in the thirteenth” century, and had a 
general knowlege of the effect of the refractions of light 
by a lens, and was beſides acquainted with many other 
things which are commonly believed to be the production 
of much latter ages, ſuch as the invention of gun-powder, 
the reformation neceſſary to the calendar, and vas ſenſible 


A of the falſe method of ſtudy at that time in faſhion; this 


very man, worthy of a ſtatue and immortal honours, was 


ill treated, perſecuted, kept priſoner for many years, ac- 
. cnſed as a conjurer and wizard, and of holding intelhgence 


with the Devil, in order to effect what required only ſu · 
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perior parts, and a free uſe of reaſon; and all the honour 
theſe inventions, which we at preſent ſo greatly admire, 
met with at that time was, that the inventor was judged 
worthy to be burnt alive. It is true, that at preſent the 
learned cannot admire the depth of underſtanding, and 
the quick penetration of a man, who, in ſo barbarous an 
age as the thirteenth century, thought in a manner that 
very few of his ſpecies do even in this age, as enlightened N 
as it is. But what gratitude is this to perſecute, impriſon, 
and almoſt burn him when living, and at the end of five } 
centuries, to republiſh and give him the higheſt encomi- | + 
ums? Is not this like deifying Homer after his death, when 
he had been ſuffered to ſtarve with hunger, while living ? 
The teleſcopes, which have been the cauſe of ſo many fine 
diſcoveries in the heavens by their aſſiſtance, did not by 
that means at all advance his fortune here upon earth, 

It is ſurpriſing, ſaid the Marchioneſs, to ſee the folly 
and. caprice of mankind. In ſome caſes they are ſo ex- 
tremely fond of novelty, as to adopt the moſt extravagant 
things merely on that account, This, we ſee, happens, 
every day in the faſhion of dreſs, ſitting, taking ſnuff, and 
even ſneezing. At another time, novelty is an objection 
to the moſt uſeful and well contrived ſchemes, Are our 
judgments never to be guided by reaſon ? | 

| | The wiſe men of paſt ages, anſwered I, appear to us 
| like the moon juſt on the edge of the horizon, and thoſe 
1 of che preſent time, like the ſame planet, when it is a 
= great way above it. The image of the mcon painted on 
our retina, when ſhe is at the horizon, is leſs than when 
ſhe is elevated a great way above it, at the meridian, for 
example; and this is occaſioned by the diſtance of the moon 
from us, which is greater in the firſt caſe than the ſecond, 
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Yee notwithſtanding this, we imagine her to be much big- 
ger at the horizon than at the meridian. This miſtake 


proceeds from the interpoſition of other objects, as trees, 


houſes, tracts of land, ſea and ſky, which are betwixt us 

and the moon, when at the horizon, but not when ſhe is 

at the meridian, for in that ſituation ſhe is left entirely to 

herſelf. Now as the objects placed betwixt us and the 

moon, make us.imagine that the is more diſtant from us 

at the horizon, than the meridian, they are the reaſons 

too why we imagine her to be bigger, becauſe the apparent 
bigneſs of an object depends on the ſize of its image on 

the retina, joined to the judgment we form of its diſtance; 

ſo that the image being always of the fame ſize, the object 
muſt appear ſo much the greater, as it ĩs judged to be more 
diſtant. Hence it is, that actors, when they come from the 
bottom of the theatre, appear to us like giants, the per. 
ſpective and the deluſion of the ſcene making them ap- 
pear a great way off. Why ſhould thoſe objects placed 
betwixt us, and the moon when at the horizon, ſaid the 
Marchioneſs, interrupting me, make us imagine her to be 
farther off from us, than when ſhe is at the meridian oy 
ſhould think they would rather make her ſeem nearer, for 
in that ſituation ſhe appears to touch them, and it ſeems 
probable ſhe ſhould appear at the ſame diſtance fror us as 
the objects themſelves: whereas at a greater altitude, we 
ſee her placed in the ſky, and conſequently judge' her to 
be at a great diſtanee. We know, anſwered I, that the 
moon in both caſes is in the heavens,” or rather that the 
heavens themſelves are an immenſe vault, to which our 
imagination always refers the heavenly bodies. But the 
{ky itſelf ſeems much more diſtant from us at the horizon, 
than when we look directly above our heads, fo that it ap- 
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pears to us as a compreſſed vault. Between us and that 
part of the heavens which is over our heads, there is no- 


thing to regulate our judgment of its diſtance; whereas 
at the horizon the long ſeries of intermediate objects helps 
us to form the diſtance, and make us judge it very great. 
Hence it comes to paſs, that diſtances appear much greater 


upon a plain than a mountain; becauſe the equality of the 


plain lets us ſee every thing that is placed between us and 


the diſtant object, which the inequality of the mountain 


will not ſuffer us to do. 


In the famous picture of Correggio, at "BETH ſo ill co- 


pied by the chizel of Agoſtius Caracci, who was other- 
wiſe a great man in his proſeſſion, an artful ſeries of hands, 
heads and feet, place a diſtance between St. Catharine and 
the head of the Madona, ſo ſenſible, that you would ima 
gine it might be meaſured by the toueh, and which, added 


to the other beauties and graces of art all united there, 


render i it a maſler piceg of painting o e 5 1650 
Now, to finiſh our optic . antients appear 


to us through a long ſeries of emperors, kings, archons, 


conſuls, and many other objects, which greacly magniſy 
them: but we ſee the moderns alone, ſeparated: and left 
entirely to themſelyes like the moon at the meridian. 
Hence it is, that the manner in which che antients buttoned 
their c coats, will be a ſubjet of admiration to the learned ; 


whereas there will be only ty or three men of good ſenſe 


to, applaud, any uſeful invention of a, modern, who has 
the misfortune to be born i in the ſame age with ourſelves, 
and not to be diſtinguiſhed by a name with a Greek ter- 
mination. And this is the way in which a great part of 
thoſe who value themſelves upon their learning, think. 
18. very figely fatirized this folly in the time of Aug» 
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ſtus. So true is it, that a wrong turn of thinking is the. 
growth of every age. 
But would not the Chineſe, ſaid the Marchioneſs, be 
gainers by the immenſe diſtance between them and us ? 
And may not a million of miles produce the ſame effect as 
many ſucceſſions of kings and conſuls? They are certainly 
no loſers by it, anſwered I; but however, thoſe very per- 
ſons who moſt idolize this nation, which in the mid& of 
obſervators and aſtronomers could not produce a tolerable 
almanac, agree that we are ſuperior to them. This con 
feſſion perhaps is the effect of natural ſelf- love. The Chine/e 
form a nation entirely ſeparated and different from us; 
whereas the antients are as it were of the ſame family with 
ourſelves, and we regard them as our anceſtors, And 
after all, ſome few ſorry thouſand miles can never be e- 
quivalent to a liſt of arehons or conſular Faſti. In ſhort it 
is here, as in the compoſitions of the theatre, in which 
people ſuffer themſelves to be much more eaſily deceived in 
what regards the cuſtoms and manners of the antient 
Greeks and Romans, than in thoſe of the Turks, or Ja. 
poneſſG. 
Another inſtance in which this compariſon holds good, 


between the antients and the moon at the horizon is, that 


ſhe appears the greater to us upon the account of her being 
leſs reſplendent there, than when ſhe is at the meridian. 
Thoſe objects which are the fartheſt off, are the leaſt illu- 
minated. So that if two objects, are of an equal ſize, tlie 
leaſt illuminated will be thought the moſt diſtant, and con- 
ſequently the biggeſt. Hence trees and houſes appear 
greater to travellers in the twilight, than in full day; the 
ſun ſeems bigger when ſeen through a cloud, and objects 
muſt generally appear * in England, than they do 


r 
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in Italy. The ſun, after the death of Julius Cæſar, con 


tinued pale and languid for the ſpace of a year, and accord- 
ing to the expreſſion of an elegant poet, threatened that 


guilty age with an eternal night. If the Romans had 
dealt in obſervations, 1 do not doubt but they would have 


informed us, that he appeared likewiſe bigger than ordi. 
nary, Objects then, ſaid ſhe, are magnified by the miſts 
of antiquity: many of thoſe great philoſophers, whoſe 
names now paſs for a proverb, were perhaps no more in 
their own time, than the regent of a college, or the lec- 
tor of an univerlity, Thoſe, anſwered I, who are the 


moſt devoted to them, are the molt likely to ſee them grea:- 


ly magnified : for, as the fineſt and moſt judicious verſes 
in the world inform us, fools admire, but men of ſenſe 
approve; and every thing appears magnified to dulneſs, 


as objects do when ſeen through a miſt, I ſhould not at 


all wonder, if ſome profound admirer of the Greeks ſhould 
prefer the Epicurean explication of viſion to that of the 
moderns, for this only reaſon, that one is more antient 


than the other. 1 45 a 
1 wwhac explication is this, ſaid the Marchioneſſ, 3 1.do 


not remember that you have mentioned it to me before ? 


It was the laſt I ſpoke of, anſwered I, when we were talk- 


ing yeſterday about the explications which the antients 


have given of fight. This ſuppoſes that certain ſhadows, 
or images fly off ſrom bodies, by whoſe means we ſee, 


Though this may ſeem reaſonable enough to ſome perſons, 
yet there ariſes a great difhculty to explain how it happens, 
that when we are in the dark we ſee objects that are placed 
in the light; but when we are in the light, we cannot diſ- 
cern objects placed in the dark: fince according to this 


explication of the Epicureans in both caſes, there are ſha- 
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dows which fiy off from the objects, and raiſe in us the 
ſenſation of viſion, Lucretius calls a certain lucid and 
ſubtile air to their aſſiſtance, which, entering into the eyes 
when they are in the dark, diſengages them from the more 
thick and black air that obſcured them, and by this means o- 
pens a paſſage to the ſhadows which from objects placed in 
When objects, on the con- 
trary, are placed in the dark, the thick black air fills the 
eyes, and by this means, denies a paſſage to the ſhadows 
which are tranſmitted to the eye from thoſe objects. 

The image of any object, ſaid the Marchioneſs, cannot 
be drawn upon the retina, unleſs there are rays tranſmitted 
from the object to the chryſtalline humour, juſt as in the 
camera obſcura, an object, in order to have its image 
painted upon the paper, mult tranſmit rays to the leut. 
If then the object be placed in the light, and we in the 
dark, its image will be drawn upon the retina, and we 
ſhall diſcern it; but if the object be placed in the dark, it 
cannot tranſmit any rays to the chryſtalline humour, there 
can be no image drawn upon the retina, and conſequently 
the obje& cannot appear to our fight, But I do not ſee 
what relation there is between the thick or ſubtile air of 
Lucretius, and theſe images. It is true, anſwered I, 
that this air has nothing to do with the image on which 
viſion depends, but it has a great relation to theſe ſhadows 
on which depends the hon94r of the Lucretian philoſophy. 
And what is there in the world, that a philoſopher, em- 
barraſſed in the explication of a phænomenon, does not 


lay hold on? But fince you have ſo well explained this, I 


will venture to propoſe to you another, which you muſt 
often have obſerved; it is, that in going from a very light 


Place to one which is much leſs fo, and may even be cal- 
L: 2 | 
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led dark when compared with the other, the objects in 
this place are at firſt not at all diſcernible, but by degrees 
they begin to appear, and after ſome time are ſeen very 
diſtinctly, This often occaſions great miſtakes in ſociety, 
which are very ſoon found out, and repented of, Any 
one, for inſtance, going into the chamber of a lady, who, 
either becauſe ſhe is indiſpoſed or fancies herſelf to be ſos 
likes to fit in the dark, may take one perſon for another, 
and a fine compliment be wrong addreſſed, and the error 
afterwards appear to the great confuſion of the perſon who 
had been at ſo great an expence of wit in forming it. 

This phznomenon, ſaid the Marchioneſs, ſmiling, has 
very important conſequences, and merits the utmoſt atten - 
lion. But I muſt confeſs, it appears to me a little more 
perplexed than che firſt, and I do not know how many de- 
grees of ſubtilty in the air Lucretius would require to ex · 
plain it by, Yet the explication of this phenomenon, 
anſwered I, depends entirely upon a thing which you muſt 
very often have obſerved with the utmoſt diligence. Have 
you never remarked that there are no eyes, not even your 


own, but appear much finer by night than in the day? 1 


agree to this, ſaid the Marchioneſs, that we may not ſpoil 
our obſervations by compliments : But does it not proceed 
from hence, that the night does not ſhew the defects of 
the face ſo much as the day, and therefor the eyes too 
mult be gainers? The true reaſon of this phznomenon 
anſwered 1, is, that in the dark, the pupil is more open 
and dilated, which makes the eyes look blacker and bright- 
er in the night than in the day, when the pupil is more 
contracted, How many eyes have triumphed in the even- 
ing and gained conqueſts which they loſt the very next 
morning at the approach of the ſun ! The pupil is contrac · 
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ted in very light places, in order that it may not admit 
too great a quantity of rays, which would only ſerve to 
do it hurt. On the contrary, it is dilated in the dark, 
enough to admit ſuch a quantity of rays as are ſufficient 
to cauſe viſion. The reaſon perhaps, Why ſome animals 
never creep out of their holes till evening is, becauſe they 
are not able to contract their pupil ſo much as is neceſſary 
to hinder the light of the ſun from injuring their eyes. 
When we go therefor from a light place, to one which 


may comparatively be called dark, the pupil, being at firſt 


very much contracted, does not admit ſuch a quantity of 
rays into the eye, as is ſufficient to raiſe the idea of viſion, 
The pupil afterwards begins to dilate itſelf, and we begin 
to ſee. And as this dilatation is made by degrees, ſo 
we deſcern the object by degrees ſtill clearer and clearer, 
till at laſt, when the pupil deſiſts from dilating itſelf at a 
certain point, we afterwards continue to diſcern the ob- 
je&s with the ſame degrees of clearneſs. 

You have not given me the leaſt time to think on this, 
{aid ſhe, Who can tell whether I might not have found out 
this explication, which now at leaſt does not appear at all 
difficult to me? It is ſufficient for you, Madam, ſaid I, to 
have explained one phænomenon, and ſeen the difficulty 
of another. A very great exploit, truly, ſaid the Mar- 
chioneſs with ſome emotion, to ſee difficulties and not be 
able to reſolve them. It is a very great honour indeed for 
a general to beſiege a town and not to take it! No, ſaid I, 
but it is ſometimes an honour for him not to undertake 
the ſiege at all. The firſt ſtep to wiſdom is to ceaſe from 
folly, and the firſt point of learning not to be too arrogant, 
but perceive dur own weakneſs, This is a point of mo- 
deſty very little practiſed byt thoſe gentlemen who with the 
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vulgar gain the reputation of philoſophers, merely by their 
declaiming in aſſemblies and coffee - houſes, againſt the 
antient philoſophy which they know nothing of but the 


name, ſtigmatizing thoſe who profeſs it with the title of } 


Ergotiſts, and having read perhaps ſome preface or lite- 
rary journal, Such fort of perſons never doubt of their 
knowlege, but explain and pals a deciſive judgment upon 
every thing, Theſe are blind men who would walk in a 
garden with the ſame freedom as other people, but the firſt 
baſon they come to, fall in. There is an obſervation 
which the more it is examined, the truer it will appear, 
that nothing in the world 1s ſo difficult to be met with, as 
common ſenſe. 

J perceive, ſaid the ad that I have 8 right 
to call myſelf a philoſopher. I have my head full of vor- 
tices; I form light by the preſſure alone of the globules 
of the ſecond element, and colours by their rotation I 
have renounced the moſt agreeable qualities, and retain 
nothing but a little extenſion, and infinitely ſmall quanti- 
ties. I am not certain whether the world appears the 
ſame to all eyes: Lexplain one phænomenon, and ſee the 
difficulty at lealt of another; I think I have contempt e 
nouph for the antient philoſophy; and after all this, I 
hope it will not be ſaid that 1 am not wiſer than I was. 
Do 1 want any thing elſe to make me a complete philoſo- 
pher ? — Les, Madam, anſwered J, perhaps you ſhould 
have a little leſs beauty, or make a better uſe of it. But 
you do not perceive that the philoſophy. you are ſo fond of 
needs a'reformation, and 1 wiſh this i might be 
the laſt. | | 

What, ſaid the with ſaws emotion, wil you tell x me 
that Viſion is not performed in the manner you have 
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hitherto explained it? This is plainly betraying me, 
and affirming upon your word, what afterwards ap- 
pears not to be true. No, no, Madam, anſwered I, be 
not uneaſy, I am not of a character to propoſe to you 
things differently from what they are. Viſion ſhall. re- 
main untouched; that abjuration, which you have gene- 
rouſly made of the roſes and lilies in your cheeks, ſhall 
ſtand good and be ratified in form. The doubts you are 
under, concerning the different appearance of objects in 
different perſons, ſhall ſtill continue to be reaſonable, and 
your preferring the moderus to the antients, ſhall ſtilł be 
compatible, and remain as it is founded on the very beſt 
reaſons. The reformation I ſpoke of will affect nothing 
but the globules of light, and the manner in which they 
excite in us the ſenſation of colours. You may hereafter 


if you pleaſe regard the ſyſtem of vortices, as one of the 
fineſt and moſt entertaining philoſophical poems in the 


world, which is the idea under which 1 at firſt propoſed it 


to you. This is abſolutely diſconcerting my ideas, ſaid the 


Marchioneſs. 1 would willingly look upon this ſyſtem as 
ſomething more than a fable, were it ever ſo fine a one, 


I cannot think of changing any thing in the globules of 
light, which with ſo very little trouble ſupplied me with. 


the moſt agreeable colours, If I once quit theſe, who 

knows how much pains, and how great an apparatus it 

will coſt me after this to make even a ſorry metzotinto ? 
It will coſt you no more, anſwered I, than it did with 


your globules. This reformation was produced by father 
Malebranche ; one of the greateſt and moſt illuſtrious Car- 1 
teſians that ever appeared in the world. The authority 
of ſo great a name may let you ſee, how very neceſſary 


this reformation was, and you may moreover be ſure that 


the ſimplicity which has always formed the delight of this 
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ſect cannot fail here. This ſimplicity is an idol, to 
which they ſacrifice every thing, even truth itfelf ſome- 
times, that truth, which an antient called the citizen of 
heaven, and companion of the gods. But before I proceed 
to this reformation, it will be proper to lay before you the 
great difficulties which muſt make you for ever renounce 
your globules, This ſyſtem, like Hercules in the fable, 
had very great difficulties to encounter with from its very 
birth; but perhaps it did not overcome them with equal 
— 5-4: | 8 | 
Some objected, and with great reaſon, that according 

to thoſe laws aſſigned to the vortices by their inventor him- 
felf, as the ſtars are not compoſed of the ſubtile matter, 
but of that of the third element, inſtead of being laminous, 
they would be covered with an opaque cruſt; and even if 
they were luminous, the contrary and equal preſſure of the 
vortices would not ſuffer us to ſee them. 

However weighty theſe objections might be, they would 
not be able to ſhake the faith of the ſteady Carteſians. But 
this, which 1 am now going to mention, appears an indiſ- 
ſoluble gordian knot, even to the moſt zealous and ardent 
among them, You have this formidable enemy of the 
Carteſian philoſophy in your own houſe, nay, in the very 
gallery where we are, and you do not perceive it. This 
painted wall is an adverſary that makes war againſt the 
ſyſtem you are fond of. Deliver me from this perplexity, 
I intreat you, ſaid the Marchioneſs, or I ſhall eraſe the 
picture. You have a mind to make me quarzel with my 
own houſe for preſenting me with ſuch deteſtable objects. 
No, Madam, anſwered I, ſmiling, that is not my inten- 
tion; I would rather have you perſuaded that every corner 
of ĩt is ſince yeſterday become philoſophical. | 

Let us fix upon one point in the air to which your eye 
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and mine may be equally directed while we are both look- 
ing at the ſame time upon different parts and different 
colours of this wall. Do you, for inſtance, place your- 
{elf at this pilaſter, and look upon the red on the veſture of 
Achilles. I will ſtand at the window, and look upon the 
blue of the ſea; ſo that while you are looking at the red 
and I the blue, our eyes may each be directed to the ſame 
point of air. It is certain, that two rays will paſs through 
this point, one from the robe of Achilles, and the other 
from the ſea, Theſe rays you know are nothing but two 
ſeries or ſtrings of globules immediately touching each other, 
the one continued from the robe of Achilles to your eye, 
the other from the ſea to mine. Theſe two ſtrings of glo- 


©  bules interfect each other in that point which we have fixed 
in the air, and conſequently in this point there will be one 


globule common to both ſtrings. Do you underſtand all 
this? Yes, too well, ſaid ſhe, and I begin already to trem- 
ble. In order for theſe globules to excite viſion in us, an- 
ſwered I, the preſſure of thoſe contained in that ſtring, 
which comes from the robe of Achilles, muſt be continued 
from thence to your eye, and the preſſure of thoſe contained 
in that ſtring which comes from the ſea mult from thence 
be continued to mine. Now that globule, which happens 
to be in the point of air, where the two ſtrings interſeR, 
and which 15 common to each of them, muſt at the ſame 
time preſs towards your eye and mine, which is utterly 
impoſſible if the globule be hard, as Des Cartes ſuppoſes 
it to be; becauſe the cloſe union of the parts of ſuch a 
body can never ſuffer it to preſs at the ſame time towards 
two different ſides. But this is not all. — And yet this 
is ſufficient, ſaid the Marchioneſs, to demoliſh my globules, 
The very ſame globule, faid I, as hard as it is, muſt have 
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at the ſame time two different rotations, one to excite in 
you the idea of a red colour, which is communicated to 
the whole ſtring that comes from the robes of Achilles to 
your eye, and the other to excite in me the idea of an azure 
colour, communicated to the whole ſtring that comes from 
the ſea to my eye. But the difficulty will be ſtill greater 
if we ſuppoſe other ſpectators to be placed in this gallery, 
who all direct their eyes to the ſame point in the air, as 
we have fixt upon, and other rays to paſs through this 
point, ſome of which ſhould convey the golden colour of 
Achilles's hair, that Minerva lays hold on in order to calm 
his deſtructive and impetuous rage; others the green of this 
meadow, and the innumerable other colours which varie- 
gate the picture. You ſee then, that ſuppoſing your glo- 
bules, ſuch as Des Cartes has made them, it would be 
impoſſible for us to ſee what, however, we really do ſee. 
J underſtand this but too well, anſwered ſhe; but I beſeech 
you, for the love of philoſophy, never mention theſe glo- 
bules to me again. I am reſolved to think no more of them 
ſince they have ſo ſnameſully yielded to the very firſt diffi- 
culty. They ſeem to reſemble thoſe unexperienced lovers, 
who at the firſt repulſe think of a retreat. But pray let me 
ſee what your reformed Carteſian Malebranche ſubſtitutes 
in their place; ſor I am perſuaded he will be able to make 
a better reſiſtance, . 

| Malebranche, anſwered I, entirely rejects theſe ſolid 
globules which you have forbid me to mention, and ſub- 
ſtitutes in their place certain exceeding {mall and fluid vor- 
tices compoſed of an ethereal and very ſubtile matter, which 
fills all the great vortices, as the great vortices which are 
the ſeats of ſtars and light do the univerſe. Thele little 
vortices, by that power which they have of dilating them- 
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ſelves, keep a mutual equilibrium in their reſpective vor- 
tices, juſt as the great vortices do in the univerſe. In this 
ſyſtem of Malebranche, light is nothing but the undulati- 
on or vibration of the vortices, occaſioned by the vibration 
of the luminous body which is always repelled in the ſame 
moment thar it impels; and the greater or leſs force of the 
light depends upon the greater or leſs force of theſe vibra- 
tions, juſt as colour depends on their greater or leſs velo- 
city. For inſtance, if theſe vortices ſhould raiſe fifty vi- 
brations upon the optic nerve of the retina, in any deter- 
minate ſpace of time, it would give us the idea of a certain 
colour; if in the ſame time there ſhould be a greater or leſs 
number. of vibrations raiſed, we ſhould have the ſenſation 
of a different colour. Malebranche ingenuouſly confeſſes 
however, that he was not able to aſſign what determinate 
degrees of quickneſs were neceſſary to form different co- 
lours in particular. A confeſſion ſo much the more in- 
genuous as it is extraordinary in a philoſopher, 

This ſyſtem of light and colours has a very great affini - 
ty with that of ſound, with this difference only, that air 
is the vehicle or channel of the one, and ethereal matter 
or the vortices compoſed of that matter, the channel of the 
other, The vibrations, which a ſonorous body when it 
is (truck, raiſes in the air, and from thence in the auditory 
nerve, . excite in us. the idea of ſound, In the ſame man- 
ner, the vibrations which a luminous body raiſes in the 
ethereal matter, and from thence in the optic nerve, ex · 
cite in us the idea of light. | 

If the air be entirely excluded from any inc which 

may be done by the help of a certain machine, a ſonorous 
body put into that place would not be heard to ſound, 
In the ſame manner if it were poſlible to exclude the ethe- 
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real matter from any place, a luminous body put into 


that place would not appear reſplendent. 

The greater or leſs force of the vibrations on the air, or 
the auditory nerve, produces a great or leſs intenſeneſs of 
ſound. In the ſame manner the greater or leſs force of 
the vibrations on the ethereal matter, or the optic 
nerve, produces a greater or leſs intenſeneſs of light, 

The different quickneſs of the vibrations on the air, 
or the auditory nerve, produces different ſounds, as baſs, 
treble, and their different degrees; ſo after the ſame man- 
ner, the different quickneſs of the vibrations raiſed in the 
ethereal matter or the optic nerve produce different colours, 
as red, yellow, and the like, which may be conſidered as 
the tones of light, 

I do not believe, ſaid the Marchionefs, that even our 
preachers ever carried a ſimilitude farther than this. It 


may be carried {till farther, anſwered I. As various and 


different vibrations croſs and interſect without deſtroying, 
or rather, without giving each other the leaſt interruption, 
which we every day ſee in conſorts of muſic, where the 
vibrations of the ſtrings of a violin do not interupt 
thoſe of any other inſtrument, ſo the different vibrations, 
which flow to our eye from different colours, do not inter- 
rupt each other, notwithſtanding they croſs and interſe&. 
The fluidity of theſe vortices gives them a power of tran. 
ſmitting the vibrations of different colours to various parts, 
which the ſolidity of the globules would not ſuffer them to 
do; in the ſame manner as the fluidity of the air does the 
different ſounds in a concert of muſic. The explication of 


this ſeems ſo very difficult to Malebranche, that he affirm- 


ed a ſyſtem, capable of effecting it, muſt be conformable to 
truth. ; 
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Sound and light, replied the Marchioneſs, appear to be 
as faithfully copied from each other, as nature was by tte 
paintings of Apelles, which were ſo very accurately done, 
that an aſtrologer could predict the future fortune of the 
perſons whom they repreſented, 

I have not yet finiſhed the compariſon, anſwered I, An 
object, placed between two looking glaſſes over-againſt each 
other, will be greatly multiplied. One candle is changed 
into a thouſand , and brings to mind the celebrated annual 
fealt of the illumination of candles among the Egyptians, 
from which, ſome imagine the Chineſe to have borrowed 
their feaft of lanthorns. And does not the famous echo 
of the caſtle of la Simonetta, not far from Milan, produce 

the very ſame effect upon ſound ? The report of a piſtol in 
this place is repeated more than forty times, and a ſingle 
inſtrument of muſic forms a tulnefs of ſound ſuperior to 
that of the moſt numerous concert. Two great wings of a 
building oppoſite to each other with windows, which are 
all falſe except one, and formed of a matter very proper 


to throw back the vibrations, reflect and multiply the ſound 


juſt as the two glaſſes do the candle, 

The great lord Bacon, the harbinger of true philoſophy, 
has among innumerable other curious things, propoſed 
the examination of this affinity, betwixt light and ſound, 
to the conſideration of naturaliſts, Perhaps he could not 
have wiſhed to find a more cloſe union betwixt them, than 
what the ſyſtem of Malebranche diſcovers, But he adviſed 
too, that philoſophers ſhould carefully examine in what 
points they might difagree; and the greateſt difference 
betwixt them is, as 1 firſt told you, that the channel of 
ſound is the air, and that of light the ethereal matter. 


Hence it follows, that ſound muſt be propagated from a 
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ſonorous body in time; for the ſpaces and inteſtices between 
the particles of air make it abſolutely neceſſary, that there 
ſhould be ſome little time before the motion can be com- 


municated from one particle to another. Light on the 


contrary mult be propagated in an inſtant, or an exceed- 
ing little ſpace of time, becauſe there are no ſpaces betwixt 
the vortices or ethereal matter, ſince the whole univerſe 
is every where filled with them, Light and ſound have 
the ſame reſemblance to each other as the Nereids en grav- 
ed by Vulcan upon the ſilver gates of the ſun's palace, in 
Ovid's Metamorphoſes. Their features are not exactly the 
ſame, but ſo extremely like, bu it is very eaſy to perceive 


they are ſiſters, 


Let us then become reformed Carteſians, ſaid the Mar- 
chioneſs, by accepting a reformation which not only ex 
Plains all that the globules did, but ſomething more, and 
of much greater importance, which they were not able 
to explain. Let us adopt Malebranche's ſyſtem of light 
and ſound, theſe two new brothers in natural philoſophy. 
I do not abſolutely deſpair, anſwered I, but the harpſicord 
of colours, and the muſic of the eyes, which gives a ſtill 
greater confirmation to this new alliance, may in time meet 
with a favourable reception from you, 

What do you mean, replied the Marchioneſs, by this 
new invented muſic and harpſicord? Have you a mind to 
ridicule the philoſophical ſimilitude you have been enters 
raining me with? I ſhould be ſorry, anſwered I to have 
any temptation to ridicule what you have adopted inſtead 


of your globules. This harpſicord is indeed a new inven- 


tion, but is not therefor the leſs true or real. Upon mov- 
ing the keys of this inſtrument, inſtead of hearing ſounds, 
vou will ſee colours and mezzotintos appear, which will 
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The ſonatas of 


: Rameaux or Corelli will give the ſame pleaſure to the eyes 
I when ſeen upon this philoſophical harpſicord, as they do 
to the ear when they are played upon the common ſort. 


The concords of a piece of purple and ſcarlet will raiſe 
the paſſions of love, pity, courage, or anger in our ſouls: 
this ſurprizing inſtrument is now making beyond the moun- 
tains, and you may for the future expect your filks and 


ribbons in muſic. The tranſient pleaſures of the ear will 


be fixed in the eye; you may continually enjoy the fine airs 


of Farinelli wove in a piece of tapeſtry, 

The inventor, - anſwered ſhe, probably took the firſt 
idea of this, from the dreſs of a harlequin. However, we 
are greatly obliged to him, for we ſhall have no occaſion 
to embarraſs ourſelves for the future in adjuſting the colours 
of our clothes. We need only conſult the thirds and oc. 
taves of this harpſieord, and we ſhall be ſure never to make 
any diſcord in the ſhading. The painters, anſwered I» 
may find relief in their indifpoſitions from this new invent- 
ed muſic of colours, as ſingers and muſicians are faid to do 
from that of founds, | 

Why will you reſtrain the effects of ſo 100 ar a thing, 
ſaid ſhe, to the painters only? It will help phyſicians to 
increaſe their preſcriptions and prolong their conſultations, 
Phyſicians, anſwered I, muſt act with regard to their pa- 
tients, as muſicians do with weak voices; and as thoſe are 
careful not to diſcourage their ſcholars with difficult notes, 

ſo theſe in certain diſtempers, as the bite of a tarantula⸗- 
which can be cured only by pleaſure, muſt take care not 
to preſcribe any colours for which the patient has an a- 
verſion. ' But we mult leave the phyſicians to divert their 


patients in this new method as they judge Proper. This 
M 2 
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new inſtrument will help to give us a proof of the juſtneſs 4 
of that fine compariſon made by an elegant poet between 3 
the gradual languiſhing and dying ſounds i in the voice of x 


our tuneful Orpheus, and the inſenſible fading and vaniſh - 
ing of the colours in the rainbow. Who knows, replied 
the Marchioneſs, but we may ſome time or other form a 
dinner by the aſſiſtance of a harpſicord, and find harmony 
in a fricaſſee ? | 

After his diſcourſe, as we are taking the air in the gar- 
den, the Marchioneſs ſuddenly cried out, — What ſhall we 
do! I ſee a gentleman in the neighbourhood coming to- 
wards us, who in every viſit he makes does me the favour 
to repeat ſonnets by the hundred, and yet always finds 
time for ſome ode. How ſhall we diſengage ourſelves from 
his troubleſome company ? Will there be no yortex ſo m2re 
ciful as to ſnatch him away with itſelf, and remove him 
ſrom our ſyſtem? For want of a vortex, anſwered I. we 
will ſerve him as I once did a mathematician, who hap- 
pened to be very talkative, a fault which thoſe ſort of peo- 


ple are ſeldom guilty of. When you are walking, with a 


friend, and diſeourſing about the country of Kouli Kan, or 
ſome ſuch trifle, he will entertain you with the moſt ab- 
ſtruſe points in geometry. He aſſaulted me one day as I 
was walking with ſome company in a garden, and we 
preſently found by his air, that he was preparing to tor- 


ment us with his demonſtrations and corollaries, I and 


the others who were with me began to talk of poetry, 
and repeat verſes, a language to which he was an utter 
ſtranger, without ſuffering him once to open his mouth, 
By this means we eompaſſed one of the moſt difficult enter - 
prizes, that of tiring the moſt tireſome perſon in the world. 


Now-we need only continue our diſcourſe upon philoſophy, 
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and 1 will engage your ſonnetteer will ſuffer the ſame pu- 


een Jaiſhment as my mathematician, Thus we reſolved to pro- 
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ceed. 


After the firſt compliments were over, the poet, who 


F knew nothing of our ſcheme, took occaſion to inform us, 
that the muſes had for a long time uſed him ill, and that 
he was reſolved to renounce them for ever. After we had 
7 civilly contradicted him, he anſwered, that he was ready 
4 to prove his aſſertion by a few ſonnets which he had lately 
N made, and which would ſhew. us, how very little he was 
in, their favour. If they are really ſo perverſe, ſaid the 
©: Marchioneſs, taking him at his word, you muſt entirely 
7 abandon, and never think of them again, We have jult 
1 been diſcourſing on philoſophy and optics; it will be taking 
an effectual revenge if you enter into our converſation, 
which is ſo very different from poetry, He excuſed him- 
7 ſelf by ſaying that he had not a capacity for ſuch ſublime 
F ſubjects, and though it was neceſſary ſometimes to ſhew a 
4 little reſentment, he muſt take care not to affront the mu- 


ſes too much He obſerved that a little poetry would alle» 
viate the ſeverity of our philoſophical diſcourſes, and al- 
teged the example and authority of Plato, who did not 
think it beneath him to write love-verſes to Agatis, and 
engrave the three Graces on the citadel at Athens, with 
the ſame hand with which he had wrote the inſtitutions 
of his Republic, and the Timeus, and in this manner di- 
vided his time between philoſophy and the arts of Apollo. 
But all theſe arguments could not prevail on us to let him 


repeat his ſonnets, which was the chief deſign both of his 


viſits, and all that erudition which he had lavitked upon us. 
The Marchioneſs aſked me ſeveral queſtions, which our 
Poet did not think at all — among the reſt, ſhe 
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was very anxious to know whether ſhe might rely upon 
Malebranche's ſyſtem of light and colours, for the de- 
ſtruction of the globules made her fear every thing, and 


her ſuſpicions were terribly increaſed by this harpſicord. { 
I anſwered, that ſuch was the condition of all human 


things, that nothing muſt hope for a long duration here 
below, a truth which our gentleman could evince by many 


fine verſes of the beſt poets, and perhaps by ſome of his 


own. I added, that I was extremely pleaſed to find the 
example of the globules had warned her not to place too 
much confidence in the reformation of father Malebranche. 
But that the moſt fatal blow to this opinion was, the be- 
ing obliged to forſake it upon the account of that very ana- 
logy and correſpondence betwixt light and ſound, which 
at firſt ſeemed to give it ſo much luſtre. 

This analogy, continued J, fails in one of the parts, 
and in that part where it was moſt wanted. And this 
- circumſtance is ſufficient to overthrow Malebranche's re- 
formed ſyſtem, All thoſe fine reſemblances, which you 


obſerved with ſo much admiration, cannot fave it from 


deſtruction. 

If an undulating motion happens to meet with any ob- 
ſtacle in its way, this does not ſtop its progreſs, for it 
bends on all ſides, and continues to propagate itſelf in 
ſpite of the obſtacle that oppoſes it. 

A very familiar example will make you underſtand what 
I mean. If we were at the bottom of this hill, and ſome 
Perſon on the oppoſite ſide of it ſhould ſound a French- 
horn to proclaim the deſtruction of ſome innocent tenant 
of the woods, whoſe only fault is the pleaſure we find in 
deſtroying him by the help of our reaſon and contrivance, 


we ſhould hear this ſound notwithſtanding the whole hill 
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is placed betwixt the horn and our ear. The reaſon of 


this is, becauſe the undulations raiſed in the air by the 


French horn do not ſtop their progreſs when they meet 
with the hill, but giving way on every fide and bending 
all round it, communicate the like vibrations to the oppo- 
fite air. After the ſame manner, if you throw a little tone 
into this baſon, the undulations formed in the water will 
not ſtop when they meet with the pipe, but giving way 
all round it, will communicate themſelves ind ifferently to 
all the water, and thus the effects of it will be diſcovered 
in the whole baſon, | | 

You ſee then that if light were nothing but an undulation 
of the ethereal marter communicated to it by the vibrations 
of the lucid body, no interpoſed body could ever deprive 
us of the light of the ſun or any other luminous obje&, or 


in other words, we ſhould never have any ſhadow, which, 
eſpecially in this ſeaſon, would be a terrible inconvenience 


brought upon us by Malebranche's ſyſtem. The preſſure 
of Des Cartes globules could give us no aſſiſtance in this caſe. 

Thus Sir Iſaac Newton, the avowed enemy of imginary 
ſyſtems, and to whom you are indebted for the true idea 


of philoſophy, has at one blow lopped off the two principal 


heads of the reviving Carteſian Hydra. 

Though the Marchioneſs perceived the force of this 
argument ſhe did not ſeem greatly diſpleaſed with it. As 
ſhe had renonnced the globules, ſhe eaſily gave up the 
vortices. But our ſonnetteer was not quite ſo well ſatisfi- 
ed, As he could find no opportunity of diſcharging his 
poetic fury, he was obliged to go ſome where elſe, to find 
an audience to a ſatire, which it is very probable he had be- 
gun to compoſe againlt philoſophy, 


e. 


Encomium on Ex perimental Philoſophy, and an Expoſition 
of the NEWTONIAN Syſtem of Optics. 


HE next day when we had diſengaged ourſelves 
from poetry, which had at firſt given birth to 

our diſcourſes on light and colour, and afterwards 
endeavoured to diſturb and interrupt it, I began af- 


ter the following manner, It is now time, madam, to 


lead you into the moſt retired ſanctuary of philoſophy, 


from whence the prophane and thoſe who are filled with 
vortices, globules, atoms, ſubtile matter, and like imagi- 


nations, are entirely excluded, This philoſophy, which 


Tam now conducting you to, is leſs pompous than that we 
have already diſcourſed on, but in return performs all its 
promiſes; a philoſophy, which is contented with giving a 
hiſtory of phyſics, and leaves to others the province of 
making them the ſubject of a romance. You have had an 
inſtance of the one in its method of explaining the nature 
of viſion, and the ſyſtem of vortices has given you an ex- 
ample of the latter more pompous and ſplendid philoſophy, 
which boldly goes to the firſt cauſes of things, and laying 
down certain arbitrary principles, upon theſe builds the 
world, and explains all the phznomena of it Seed ding to 
its own fancy. 
As the eye is now diſcovered to have an entire reſem 

blance to the artificial camera obſcura, all philoſophers. 
will hereafter explain the nature of viſion after the ſame 
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manner. But there will not be that conformity in their 
opinions concerning the ſolidity of bodies, gravity, light, 
and colours, ſince the cauſe of theſe qualities can be known 
only by conjecture. And how very hazardous a thing this 
is, you have already ſeen in the Carteſian ſyſtem of glo- 
bules, to ſay nothing of Mallebranche's reformation, which, 
notwithſtanding all the applauſes at firſt given it, 1s now 
exploded, and thares the ſame fate as the globules. And 
this you may believe has been the caſe with all the general 
ſyſtems that have hitherto appeared, concerning the cauſes 
of things. They reſemble vaſt empires, which totter and 
fall by their own weight and greatneſs. I find then, ſaid 


the marchioneſs, that the wherefore, which ſo greatly ex. 


cites our curioſity, will be for ever hid from us, and the 
pleaſure of conjecturing, which is generally ſo adapted to 
the taſte of men, will have no charms for philoſophers, 
This really is a circumſtance, which will make the condi- 
tion of theſe gentlemen not greatly to be envied by the vul- 
Sar. A | 3 | | 
. Conjecture, anſwered I, according to the aſſertion of one 
of the moſt ingenious authors in the world, is not to be al- 
lowed in any thing but geometry. In this ſcience, if the 
certainty of principles does not directly guide us to what 
we ſeek, it never leads us however to any thing contrary, 
and always rewards our ſearches with ſomewhat equiva. 
lent. But what uncertainty and inconſtancy is there in 
natural philoſophy? Some affirm that there is a vacuum, 
or ſpace void of all body, and others will have every thing 
to be body. This diverſity of opinions, with regard to 
principles, muſt unavoidably produce very great and in- 
numerable diſputes as they advance further, which extend 
ſo far as the fixing the eſſence or nature of body, a thing 
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which one would imagine ſhould of all others be the moſt 
certain in phyſics, ſince body and the properties which de- 
pend on its eſſence, are the perpetual ſubject of philoſophi- 
cal inquiries. I cannot help comparing theſe philoſophers 
to thoſe critical writers who correct ſome corrupted and de- 
fective paſſage of an ancient author. One of theſe gentle- 


with the fineſt and moſt elaborate arguments, and the en- 
comiums of the journaliſts of the learned, Some old ma- 
nuſcript of the author at length appears drawn out from the 
duſt and obſcurity of a library, and then all the fine read- 
ings of theſe profound critics, and the time they ſpent in 
inventing them, are ſent into the regions of Arioſto's moon, 
and are there treaſured up among other loſt things. Ob- 
ſervations and experiment are the authentic and original 


| manuſcripts of nature; and theſe, by overthrowing fo ma- 


= ny fine ſyſtems, inſtruct us every day to be more cautious 
= in puzzling ourſelves to form hypotheſes. I look upon 
1 this advice as a very great benefit to mankind, ſince it ex- 


misfortune is, that men perſiſt in a refuſal of this friendly 
admonition, and are obſtinately bent to ſpend their time 
to no purpoſe, By | | 


nour of theſe-obſervations of yours, ſaid the marchioneſs. 
A ſyſtem need only be ingenious, fimple and elegant, to 
give them a right to declare open war againſt it. They may 
be termed the Eroſtratuſes of natural philoſophy, who 
found their glory in the deſtruction of all that is great and 
ſplendid, I muſt confeſs that I cannot be pleaſed with fo 
malicious a character. To what a height would your diſ- 


at 


men gives one reading, a ſecond another, each ſupported 


empts them from no ſmall trouble and fatigue. But the 


This is indeed a practice that redounds greatly to the ho- 
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pleaſure riſe, anſwered I, if I had told you all that theſe 
obſervations are capable of effecting. There is perhaps no 
ſyſtem better grounded than this, that animals have wings 
given them in order to fly, and legs to walk, And yet ob- 
ſervation has diſcovered to us certain inſects who have large 
wings without making uſe of them to fly with ; and m the 
ſame manner, there is one animal, which, notwithſtanding 
it has legs diſpoſed like that of others, formed in the ſame 
manner and of the like proportions, yet almoſt always 
walks npon its back-with its legs upwards, jult as if the firſt 
were not ſenſible they had wings, nor the laſt, legs, It 
is true, however, that if obſervations had done no greater 
ſervice to the world than to deſtroy, we thould not be much 
indebted to them. But by overthrowing perplexed and 
uſeleſs, and ſometimes very troubleſome ſyſtems, how ma- 
ny good and uſeful diſcoveries have theſe obſervations fur- 


niſhed us with, in the room of thoſe hypotheſes they have 
overthrown ? 


Some melancholy philoſophers have imagined the rays of 
the moon were cold and humid, and therefor greatly to be 
teared, ſince there muſt be expected very dangerous effects 
from their influence.. And in fact you ſee many perſons, 
even now, who, believing the effects of this planet from the 
tradition of their fore-fathers, retire as ſoon as ever the moon 
begins to riſe, and, as they expreſs it, gets ſtrength ; and 
vait numbers of people are perſuaded that they have the 
head-ach, if by walkin g in the evening they have unhappi- 


ly been obliged to receive the infection of its light. 


The experiments, which have been made upon this, give 
us full liberty to walk at what hour we pleaſe, without ap- 
prehending any danger from that quarter. The rays of this 
planet, collected in the focus of a burning glaſs or a lens, do 
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not cauſe any ſenſible effect in the bodies upon which they 
fall, notwithſtanding they are ſometimes two thouſand 
times denſer when thus collected, than they ordinarily are. 
A thermometer, which is an inſtrument containing a li- 
quor that contracts with the leaſt cold, and dilates with 
the leaſt heat, does not ſuffer an alteration in the focus of 
theſe glaſſes when they are expoſed to the rays of the moon; 
whereas, if they are expoſed to thoſe of the ſun, the ve- 


hemency of their heat ſurpaſſes that of the hotteſt furnaces; 


ſo that the amiantus, which defended the precious aſhes 
of antiquity from the devouring flames of the funeral pile, 
cannot defend itſelf from the violent heat of thoſe glaſſes. 
The rays of the moon do not appear to have any other 
quality, than that of ſupplying the abſence of the ſun, 
and inſpiring a ſoft and pleaſing melancholy in the hearts 
of lovers. | 

Theſe ſorts of obſervations, ſaid the Marchioneſs, I have 
no objection to, which let the fine ſyſtems alone, and de- 
liver mankind from ill-grounded fears. To this ſpirit 
of obſervation, anſwered I, we are indebted for our de- 
liverance from other much more impotent fears; comets, 
Pillars of fire, ſhowers of blood, and zgnes fatui, anciently 
marks of divine wrath, do not at preſent diſturb ſo much 
as one half hour's fleep, except it be in thoſe perſons, who 
will always be the vulgar, and always of a rempher fitted 
to receive theſe impreſſions of terrbr from others. 

But how much are we indebted to the ſtudy of experi- 
ments! Aſtronomy, natural hiſtory, and anatomy, ſeem 


by the aſſiſtance of this to be rather new ſciences born a- 


mong the moderns, than tranſmitted from the antients to 
us. To this, anatomy owes the circulation of the blood, 
and all the animal economy, whoſe very ſimplicity was the 
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cauſe of its being ſo little known among the antients. To 
| this, chemiſtry is obliged for its phoſphorus: aſtronomy, 


for its exact predictions: hydroſtatics, for an eaſy method 


of living, and carrying freſh air for reſpiration, in an ele- 


ment denied to men: for acouſtics, and their ſpeaking 
trumpet; their projects, ſor rendering the perfection of 
hearing equal to that of ſight, and innumerable muſical 
inſtruments, the offspring of harmony, To this optics 
owe their teleſcopes, microſcopes, magic lanterns, and 
an infinite number of other wonders, that perfect or flat- 
ter the ſenſe of ſeeing. | : 
Superſtition, credulity, and a greater love for the mar- 
vellous than truth, negligence, and a want of proper 
means for obſervation, have for a long time been inſuper- 
able obſtacles to knowlege. How great a treaſure of won. 
ders has natural hiſtory, after having rejected the abſur- 
dities of the antients, demonſtrated to us! New modes of 


Production, breathing, ſeeing and living, new conforma- 
= tion of parts, new ſocieties, new modes of being, unheard 
and unknown to paſt ages. 


The reaſon of mankind has been poliſhed in proportion 


as that of brutes has been more conſidered; and the arts 


themſelves have been brought to perfecttion by obſerva. 


tion upon certain animals, commonly regarded either with 


horror, or as the refuſe of nature. Spiders have furniſhed 
cur manufactures with new ſpecies of ſilks; and the eggs 
of a fiſh, though yet unknown, may, with a little appa- 
ratus, give us a fine purple colour not inferior to that ſo 
much celebrated by the antients. Shall I inform you of 
the experiments made concerning the weight of air, and 
the power it has of dilating itſelf when compreſſed! expe- 


riments once termed the wonders of Magdebourg. Shall 
N 
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I give you an account of the equilibrium of fluids, the 


vegetation and culture of plants, which have afforded ſo 


great an advantage and ornament to ſociety ? By theſe 
experiments your garden is embelliſhed with the playing 


and agreeable murmur of artificial fountains; and theſe | 


ſupply the northern tables in great plenty with thoſe deh- 


cious fruits that nature had confined to a warmer hemi- 


ſphere. The orange, by theſe tranſported from China to 


the Portuguele ſoil, ſweetly allays the burning heat of the 


ſummer ; and theſe experiments have extracted from the 
vines of the Rhine tranſplanted upon the burning rocks of 
Canary, that agreeable juice ſo pleaſing to the taſte of la- 
dies, Still better and better, ſaid the Marchioneſs, Is 
not this the cluſter of the promiſed land by which you 
hope to allure me? and as we are in the country, would 
intice me, by the hopes and advantages which accrue from 


obſervation, to agriculture and economy ? Without diſ- 


pute you have thoſe antient conſuls in your head, who 
from the triumph returned to the culture of their ſarms. 
If I had a delign of inticing you, anſwered I, Madam, 
I ſhould rather entertain you with talking of the polite arts 
of which you are ſo fond, and which owe both their ori- 
ginal and progrels to obſervation and imitation. Grati- 
tude requires you to think yourſelf obliged to theſe for the 
Pleaſure you receive from the fine lineaments and elegant 
air of countenance in the Meduſa of Strozzi, the juſt gra- 
dation of the anger of Achilles, the variety and ſtrength of 
paſſions in Caſſandra, that maſter-piece of the Timotheus 


of our age, the majeſtic ſolidity of the Portico of the Ro- 


tunda, the elegant ſtrokes of Guido, and the magic co- 
louring of Rubens. What riches has this induſtrious phi- 


loſophy brought into the treaſuries of painting, by the 1 
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obſervation of ſo many new animals and plants ? what an 
additional beauty has it given, by the imitation of the eaſt- 
ern varniſh, to certain works deſigned for the uſe of thoſe 
people to whom ſuperfluity is neceſſary ? what a fruitful 
fource of ſimiles and deſcriptions has it by its new diſco- 
veries opened to poetry ? The ſun, ſtars, ſhepherds, the 
Hyrcanian tiger, and the like common-place compariſons, 
are delivered from the weight which they alone have long 
borne in poems, and we from the fatigue of hearing them 
ſo often repeated. How great a progreſs has the elegance 
of dreſs, which ſo greatly heightens the beauties of nature 
and in ſhort, the moſt polite of all the arts, made in our 
age, by the aſſiſtance of a curious obſervation made upon 
pleaſing objects! beauty itſelf, the moſt valuable treaſure 
with which nature can enrich and adorn youth, would 
often be a vain and uſeleſs gift, if obſervation had not con- 
ſulted its ſafety, by bringing in the ſtrange, yet ſalutary 
art of furniſhing ourſelves with a particular diſtemper 
whenever we pleaſe. How many fair Circaſſians, who, 
formed for the pleaſure of the univerſe, are confined to 
a ſeraglio, and ſubjected to the caprices of one ſingle ty- ' 
rant; and how many beauties in England, the miſtreſſes 
of free-born hearts, owe their empires and their arms to 
an early inoculation of the ſmall pox ? 

But not to inſiſt on what you may poſlibly chink I might 
acquire too great an advantage from, not to ſay any thing 
further of natural philoſophy, which ſeems a province 
the moſt adaptefl to the diſcoveries of obſervations, is not 
policy indebted\to ee for that wiſe and real government, 
which renders the ſouthern ſun leſs pleaſing than the cloudy 

regions of the north, where the liberty of the people is 


made compatible with the authority of the lovereign? 2 
NY 


151 PI tis. 


Metaphyſics, that labyrinth of reaſon, are obliged to theſe 
for a certain ſyſtem of the origin and progreſs of our ideas, 
and we for the knowlege of our ſelves. The chaos of 
chronology and hiſtory has from theſe obſervations receiv- 


ed its light and order, Sir Iſaac Newton, that divine 


philoſopher, who may be regarded as the founder of hu- 
man knawlege, has from obſervations drawn chiefly from 
the ordinary courſe of nature, ranged hiſtorical facts in a 
certain ſeries, by joining epochas, which the ignorance or 
pride of mankind had ſet at a great diſtance from each 
other, in the ſame manner as a judicious obſervation had 
united the boundaries of the earth in geography. 

Conducted by this infallible guide, he, according to 
the expreſſion of one of his countrymen, 


Diſplay'd the lucid robe of day, 


and thence extracted the true properties of light and co- 
lours, which had till that time lain concealed and involved, 
without forming, like Des Cartes and his followers, any 
imaginary ſyſtem to explain the nature of them. 

This is a world entirely new, enriched with the moſt ſhin- 
ing truths, and diſcovered by Newton alone; for there are 


not the leaſt traces of any philoſopher who ever appeared 
there before him. His treatiſe of optics, the production 


of thirty years ſtudy and ſearch, is an excellent model of 
true_philoſophy. One ſingle experiment of his has ad- 
vanced our diſcoveries more. than all the ingenious and 
magnificent ſyſtems put together, that had ever gone be- 
fore him, 

An antique column of the moſt worthleſs tone has more 
beauties in the eyes of a connoiſſeur, and will conduce more 
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to the perfection of architecture, than all the galleries of 
emerald and adamant, invented by the poets to adorn 
their inchanted palaces. 

But your connoiſſeur, ſaid the Marchicands cannot 
admire or taſte the beauties of a column, however antique 
and well-proportioned it may be, unleſs he firſt knows 
what a column is. And how is it poſſible that we ſhould 
underſtand the properties of light and colours, as you tell 
me Newton does, without firſt fixing what the colours 
themſelves are, and explaining the nature of them ? Des 
Cartes, whoſe ſyſtem you moderns explode, tells me, that 
if a ray of light meets with the ſolid parts of a body, it is 
repelled and reflected, and I underſtand this very well, 


becauſe he had before told me that a ray of light is nothing 


but a ſtring of little globules. But how can I ever under- 
ſtand the new diſcoveries concerning the qualities of light, 
unleſs I am firſt informed what light itſelf is? 

Is there any thing, anſwered I, more inexplicable than 
the nature and cauſes of muſcular motion? All the diſſer- 
tations of philoſophers upon it have been in vain, And 
Indeed the more theſe diſpute upon the cauſes of things, 
the more inexplicable do they generally make them. And 
yet an excellent painter, a Michael Angelo, by laying 


down certain rules drawn from repeated obiervations, 


would have informed you, that when the body makes ſuch 
a particular motion or effort, certain muſcles mult be ele · 
vated, and others lowered and depreſfted, - So that there 
is no poſture ſo ſtrange but he could have forctold the vas 
rious and almoſt infinite motions they could produce. The 
famous piece of the laſt judgment, in the Vatican, is an 
evident proof of his knowlege in this point. 


The loadſtone is a fecret of the ſame kind, Its nature 
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and the cauſe of its ſurpriſing effects are, and perhups al. 


ways will be, as entirely loſt to Philoſophers as the Punic 


language 1 is to Critics. 


Our ignorance of its cauſe, however, does not hinder us 
from making very many diſcoveries of its qualities. We 
know, for inſtance, that if it be armed with Reel it can at- 
tract a much greater quantity of iron than it can unarmed, 
We have diſcovered, that on one fide it attracts another 
loadſtone, and repels it on the other, and conſtantly di- 
rects itſelf to the poles of the world, To this, natural 

philoſophy owes the diſcovery of a great number of truths, 
to this navigation its compaſs, and commerce and man- 
kind very many advantages. 

If it is ever pollible to arrive at a knowlege of the nature 
of things, this is the only method, by obſerving and in- 
veſtigating, with the greatelt attention, their moſt ſecret 
and hidden properties, their primitive and elementary qua- 
lities, on which all the reſt depend, 

I obſerved to you the other day, anſwered l, that every 
ray of light, however fender, is nothing but a collection 
of innumerable other rays, which are not all of the ſame 
colour, notwithitanding the whole ray appears white : 
but ſome of theſe rays are red, orange, others yellow, 
green, blue, indigo, or violet, beſides innumerable de- 
grees of intermediate colours between each of theſe ſeven 
principal ones. Theſe rays of different colours, which 
are called primary or homogeneal » blended together form 
a heterogeneous compound ray of a white or golden colour, 

ſuch as a ray of the ſun appears, juſt in the tame manner, 
as different colours mixed together upon a painter's pallet, 
compoſe a new one, which has ſomething of all the others 


in general, but is different from each of them in particular, 
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Theſe are the reaſons why that poet, whom you diſco- 
vered rather from his eſteem for you, than by his ſtile, in 
ſpeaking of light, uſes the expreſſion, golden and ſevenfold, 
an epithet antiently appropriated to the Nile, and the 
ſhields of heroes. This /zven/o/d light is the inexauſtible 
treaſury of thoſe innumerable colours, which form the gay 
picture of the univerſe, and its rays are not tinged with 
the purple or ſaphire, either when they are refracted 
through a priſm, or refſected from a ſurface, but derive 
their colour from the ſun himſelf with that heat and luſtre, 
which they receive from him, though not diſcovered by 
vulcar eyes, 

In ſhort, every ray may be confidered as a fibre compoſed 
of innumerable other fibres or filaments, each of which 
haz a peculiar, a proper and unchangeable colour, which 
it would infallibly diſcover to our eyes, if it could be ſeen, 
ſeparated from the other colours, which concur with it in 
forming the white or yellowith colour of light. But how 
indefatigable muſt be the induſtry of that philoſopher, 
who could divide and reſolve the whole ray into its pri- 
mary and elementary rays, ſo that every one of them ſhould 
exhibit its own colour? It is certain this diviſion could ne- 
ver happen, if theſe primary and homogeneal rays were 
not of ſuch a nature that ſome are refracted more than 
others, in paſſing all with the ſame inclination out of one 
medium into another, from air into glaſs, for example, 
and by this means are diſunited and ſeparated from each 
other. | | 

This propoſition, that rays which differ in colour differ 
alſo in degrees of refrangibility, is the fundamental diſco» 
very, upon which the Newtonian ſyſtem of optics is built. 
Agreeably to this it is demonſtrated that the violet rays are 
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the moſt refrangible of all. Next follow the indi go, * the 0 
blue, green, yellow, orange, and laſtly the red, which are 7 
the leaſt broken of any by refraction. Dol explain myſelf 
clearly enough, Madam, for you to conceive my meaning? 4 
Extremely well, anſwered ſhe : I underſtand very eaſily, 
that nature, by making rays which are different in colour 1 fe 
different likewiſe in refrangibility, has furniſhed philoſo- 5 
phers with a means of ſeparating them, which otherwiſe 9 1 
would be impoſſible. The properties of this light, which E 12 


you have been deſcribing, are indeed very ſurprizing. A f 
philoſopher muſt have a very great and enterprizing genius L 
that could make ſuch diſcoveries; and his credit ought to | * 


be ſupportrd by very weighty arguments drawn from fre- 
quent obſervations, which I muſt confeſs I am extremely 
impatient to be acquainted with, I who was at firſt a 
Carteſian, afterwards a diſciple of Malebranche, now find 
myſelf without any ſyſtem at all. This is a vacuum that 
does not greatly pleaſe me, therefor I am in haſte torat to 
bee repleniſhed with other obſervations. 

| Theſe will very ſoon amply repair the loſſes you have 
| ſuſtained by them, anſwered I, It would be well if every 
thing elſe in the world, that does us an injury, would make 
as good a compenſation for it. 

i. - Imagine yourſelf to be in a id of Milton's viſible/ 
| darkneſs, or rather ſtill darker a place, if you will be ab- 
ſolutely deprived of all light; and this ſhall be our theatre 
of reaſoning and obſervations, 

| Let a 1ay of the fun enter in at a hole made in the win- 
| dow ſhutter, and let a glaſs priſm be placed horizontally 
at this hole, to refract the ray in ſuch a manner as to throw 
it upon a wall oppoſite to the window, ſo that as it is go- 
ing out of the priſm, it is almoſt horizontal and parallel 
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to the pavement of the chamber: whereas if it had not 
been refracted, but direct, it would fall upon the pavement 
itſelf, and there form a white image of the ſun of a figure 
almoſt round. That ſpectrum, or image of the ſun, 
which the refracted ray forms upon the wall, is very dif- 
ferent from that which the direct ray formed upon the pave- 
ment; for as the image of the direct ray was almoſt round 
and entirely white, that of the refracted ray is of a figure 
nearly reſembling a fiſh at cards, and varied with an in- 
finite number of colours, among which the ſeven primary 
ones are diſtinguiſhed and placed in a ſhining order, one 
after another, | 


The jolly peacock ſpreads not half ſo fair 

The eyed feathers of his pompous train: 

Nor golden Ix is ſo bends in the air, 

Her twenty-colour'd bow _—_— clouds of rain. 

FAIRFAX, 
I am very glad to find that Taſſo, ſaid the Marchionels, 
who had before a little tranſgreſſed againſt the laws of re- 
fraction for the ſake of his Armida, has amended his fault, 
and is at preſent reconciled to optics. 

Theſe colours, anſwered I, with which the 1 image i is 
painted, are diſpoſed in ſuck a manner, that the red is in 
its lower extremity; above this is placed the orange, af- 
terwards the yellow, then the green, the blue, indigo, and 
laſtly the violet, which is placed in the upper part of the 
image. Innumerable degrees of intermediate colours in- 
ſenſibly connect and unite the ſame primary ones. Neither 
Correggio, Titian, nor his rival Roſalba, did ever unite 
and ſhade their mezzo tinto's with ſo much exactneſs to form 
the oval of a face. 


In order to explain this great cnn, we muſt pen 
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one of theſe two caſes, either that light is compoſed of 
rays differently coloured and differently refrangible, ſo 
that the priſm does nothing but ſeparate them from each 
other, when they are tranſmitted through it; and by this 
means the different colours are formed, and the image 
which would otherwiſe be round, is of an oblong figure: 
this is one manner of explaining this phænomenon. The 
other 1s, that the light in paſſing through a priſm, ac- 
quires colours which it had not before, and moreover, 
that every ray is ſhattered, dilated, and ſplit into many 
other diverging rays painted of a different colour; and 
this is the reaſon why the image is coloured, and of an ob- 
long figure, 


This laſt is the ſuppoſition of Grimaldo, a philoſopher, 
who preceded Sir Iſaac Newton; and this ſyſtem is called 


the diſperſion of light, You ſee it is neceſſary, unleſs we 


admit the different refrangibility, to ſuppoſe this diſperſi- 
on, in order to explain why the coloured image of the 
ſun ſhould have a length much greater than its breadth, 
after being refracted by the priſm. 

This experiment, ſaid the Marchioneſs, which has coſt 
me ſo much attention to underſtand, and this oblongitude 
of the ſolar image, are not ſufficient to prove the differ- 
ent refrangibility, becauſe all this phænomenon may be as 
well explained by Grimaldo's diſperſion of the light, which 
is a ſyſtem very different from Sir Iſaac Newton's. I 
want to ſee ſome experiment which cannot poſſibly be 
explained by any other ſyſtem than the Newtonian, 
and that I believe would ſatisfy me. This, anſwered 
I, is the very thing neceſſary to prove not only the dif- 
ferent refrangibility, but every other principle in philo- 
ſophy; and this, Sir Iſaac Newton has done, without 
knowing, perhaps, that it would one day give pleaſure to 
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a fine lady, whatever a certain author may ſay to the con- 
trary, who accuſes him with having drawn more conſe- 
quences from his obſervations than he ought to have done, 


one of the greateſt faults that a mathematician can be 


charged with, This author reproaches Sir Ifaac, with 
having inferred the different refrangibility of the ſolar rays 
from the preceeding obſervations; whereas Sir Iſaac de- 
clares in expreſs terms, that the obſervation is not ſuffici- 
ent for that purpoſe, becauſe this ſtrange appearance of 

the image may proceed from the ſhattering of the rays, 
as Grimaldo ſuppoſes; or from an inequality of refracti- 
ons, not conſtant, but only caſual, and therefor can have 
nothing deduced from it. The more ſcrupulous this great 
philoſopher appears in his reaſons, the more licentious 
does his adverſary ſeem in his accuſation, In order to re- 


move the diſperſion of Grimaldo, and the fortuitous ine- 


quality of the refractions, he invented the following ex- 
periment, which is, as 1t were, the arbitrator and judge 
of the controverſy. 
He received the coloured image formed by the priſm, 
and caſt upon the wall, upon the face of another priſm 
placed upright in ſuch a manner, that the red of the image 
ſhould fall upon the lower, and the violet in che ſuperior 
part of this face, and the other intermediate colours ſhould 
fall reſpectively in the intermediate ſpaces betwixt the red 
and the violet, | 

If the firſt priſm, which was placed horizontally, re. 
fracted the rays upwards, this ſecond, placed upright, 
mult refra&t them ſideways, either on the right or the 
left, ſo that if they were at firſt thrown almoſt directly 
upon the wall oppoſite to the window, they muſt now 


ſtrike it oblique, and with ſome inclination, The refrac- 


1 
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tion then which the colours are to ſuffer in paſſing ſide · 
ways through this ſecond upright priſm, is the thing which 
mult determine the queſtion, either in favour of Sir Iſaac 
Newton's ſuppoſition of the different refrangibility, or for 
Grimaldo's notion of the ſhatrering of the rays, or laſtly, 
mult give the preference to a fortuitous and caſual ine- 
quality of the refractions, which cannot agree with any 
ſyſtem at all, For, it the ſolar image, formed by the firſt 
priſm which refracted the rays upwards, received its co- 
lour and oblong figure from a diſperſion or dilatation of 
every incident rays, a ſecond tranſverſe and ſideways re- 
fraction, cauſed by the ſecond priſm, mult after the ſame 
manner ſhatter and dilate the rays of this image ſideways, 
and render it of the fame oblongitude in breadth as it had 
before been in length; ſo that a new image would be 
painted upon the wall of the chamber, which is behind 
the ſecond priſm; and this image would be coloured dif- 
ferently from what it was before, and be changed from 
an oblong figure, to one almoſt ſquare, 


lea 
4 1 


Laſtly, if the colours and oblong figure of the image 
formed by the firſt priſm, were occaſioned by a fortuitous 
and accidental inequality of refractions, who can tell what 
variations chance might have produced in the combination 
of the ſecond priſm, and in the new refraction which that 

priſm gave to the light ? 

Whatever effects chance might produce in this caſe, it 
is certain it could never agree with what the Newtonian 
ſyſtem aims at. According to this ſyſtem, if the colouring 
and oblong figure of the image formed by the firſt priſm, 
were occaſioned by the ſeparation of rays differently co- 
loured and differently refrangible, a ſecond refraction 
made ſideways, can only incline this image, and muſt 
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leave it juſt the ſame as it was before with regard to its 


colours and oblong figure. 


How will it iacline the image, ſaid the Marchioneſs? 


1 Ido not underſtand the reaſon of this. You will ſoon 
3 underſtand it, anſwered I, when you reflect, that if the 
1 ſecond priſm was removed, the rays would all ſtrike the 
1 wall almoſt in a direct line. Now if the ſecond priſm re- 
fracts the violet rays, that is, turns them ſideways and 
1 tranſverſly out of their path, more than it does the red, 
: 3 thoſe muſt ſtrike the wall more oblique than theſe, or in 
Y other words, the violet muſt fall at a greater diſtance from 
1 the priſm than the red. The intermediate colours too, 


between the red and the violet, will fall upon intermediate 


places of the wall: thus the image will appear inclined, 
ad nd as it were leaning with its violet extremity farther from 
the priſm than the red is. Theſe effects muſt happen ac- 


eording to Sir Iſaac Newton's ſyſtem; and theſe in reality 
do happen, as I myſelf have often had the pleaſure of ſee- 
ing. 

If after the ſecond priſm, there be placed a third and 
fourth, in order that the image may be ſucceſſively refrac- 


1 ted ſide ways through them all: thoſe rays which were 


refracted more than the reſt in the firſt priſm, will be more 
refracted too in the following priſms. But the image will 


1 not be dilated ſideways, nor coloured differently from what 


it was at firſt, 

Nature, ſaid the Marchioneſs, has pronounced the grand 
judgment, and of three ſyſtems that contented for it, the 
Newtonian has carried the golden apple. I muſt confeſs 
this deciſion does not diſpleaſe me; for to ſay nothing of 
the accidental inequality of refractions, which does not 
deſerve the prize, a” ſuppoſition of the ſhattering 
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and dilatation of every particular ray, had ſomething too 


perplexed and imbarraſſing in it. If you think the judg- 


. ! : a i 4 4 
ment which nature has pronounced in favour of our phi- 7? 


loſopher, anſwered I, to be ſo juſt, that of his adverſary, 
whom I lately mentioned, will appear extremely caprici- 
ous, who aſſerts, that Sir Iſaac Newton has, by agreeable 
experiments, confirmed the obſervations of Grimaldo. | 
am not ſo greatly ſurprized at this adverſary, replied the 
Marchioneſs, who does not appear to have any great know- 
lege of the matter, as at Grimaldo himſelf, who neglec- 
ted to prove the truth of his diſperſion of the rays, by ſo 
eaſy and ſimple an experiment as this, which requires no- 
thing more than a ſecond priſm after the firlt, One would 


imagine, that it ſhould have been very obvious to a per- 
ſon bent upon making a ſyſtem. Say rather, anſwered I, 
to a perſon long exerciſed in the arts of obſervation ; for a 


love of building ſyſtems, and making experiments, are two 
things that ſeldom go together. But it generally happens 
that the moſt ſimple things are the moſt difficult, and con- 


ſequently the longelt before they are fornd out, The 
circulation of the blood, for example, appears to be a 


very eaſy diſcovery, and one would imagine ſhould have 


been very antiently made. When an orifice is opened in 
the arm, the arteries {well from the heart towards the ex- 


tremities of the body, and the veins, on the contrary; 
from the extremities of the body towards the heart. This 


evidently ſhews, that certain veſſels, that is, the arteries, 


are deſigned to convey the blood from the heart to the 
extreme parts, and other veſſels, namely the veins, to car- 
ry it from the extremities to the heart. Beſides, the death 
of Seneca might have furniſhed the antients with a phy- 
lical experiment, as well as a moral precept. It was im- 
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too E fn that all the blood ſhould be emitted chown the 
as. þ opening of the veins, unleſs thoſe of the ſuperior parts had 
phi- 2 communication with thoſe of the inferior; or in other 
ary, . $ words, unleſs it circulated through the whole body, It 
rici- 1 appears then that i: was much eaſter for the antients to 
able diſcover the circulation of the blood, who had ſo many 
1 experiments ready prepared to their hands, than for Gri- 
the maldo to find the falſhood of his diſperſion, becauſe his 
)w- 7 experiments mult have been the effect of his own labour 
lec- 3 and invention, | | 
io 3 It is true, ſome bigots for antiquity pretend to find this 
no- diſcovery in Hippocrates, ſo that according to them, all 
ald the inventions of the moderns, and all our diſtempers, were 


er- known to the antients. But this notion is the ſame as if 
11, a Vellutellus, or ſome other zealous admirer of Petrarch, 


ra ſhould diſcover the Newtonian ſyſtem of optics in theſe 
wo verſes, 


NS : 

n- F While the great author of his frame expires, 

he : The conſcious ſun withdraws his active fires ; 
a 7 Pale fickly ſhades ov'rſpread his languid ray, 

ve * And ev ry beauteous colour fades away. 


The moſt ſimple things are generally diſcovered the 
y, lateſt, and with the greateſt difficulty. T his aphoriſm, 
is Afaid the Marchioneſs, is too well verified even in the toi- 
s, 1 let, where an elegant, but ſimple diſpoſition of our hair, 


e or our patches, often coſts great trouble, and the utmoſt 
= anxiety of mind, 
h 4 According to this principle, anſwered I, Sir Iſaac New- 


ton's experiments muſt have coſt him an infinite deal of 


labour. For if the preceding experiment, to prove the 
* 2 


5 
4 
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different refrangibility of the rays, is at once ſimple, a- C 
greeable, and concluſive, all the others which he invented ; : 


for the ſame purpoſe, are no leſs perfect, and yet appear 


ſo very obvious, that every one would imagine he himſelf 7 


might have as eaſily found out. 

How, ſaid the Marchioneſs, is not this experiment ſuffi- 
cient to prove the different refrangibility without ſeeking 
for any more? Have I acted wrong, in ſuffering myſelf to 


be too eaſily convinced? No, Madam, anſwered I, a lady | 


cannot err in this point. But Sir Iſaac Newton himſelf 
does not deſire you ſhould aſſent to his ſyſtem ſo ſoon. 
This experiment, without diſpute, is ſufficient to demon- 
ſtrate the different refrangibility, but not to ſatisfy A phi- 
loſopher reſolved to try nature a thouſand ways, and put 
her to a thouſand proofs, in order to eſtabliſh his belief on 
a ſure foundation. You ſeem, ſaid the Marchioneſs, to 
repreſent nature as a coquet, and Sir Iſaac Newton as a 
jealous lover, who never thinks he has proof enough of 
the fidelity of his miſtreſs. This, however, anſwered I, 
was the only object of his love. I am very ſorry, that [ 
cannot ſhew you all the experiments which he invented for 
this purpoſe, in order to preſent you with the moſt finiſhed 
and beautiful piece that philoſophical jealouſy ever com- 
poſed. But the parts I ſhall ſhew you will aſſiſt you to form 
an idea of the whole, juſt as the obeliſks and amphithea- 
tres diſcover the grandeur of antient Rome, Let me in- 
treat you, ſaid the Marchioneſs, to make me a complete 
Newtonian. I plainly ſee that by my converſion I ſhall 
acquire the knowlege of truth without lofing that pleaſure 
which 1 found in being deceived. 
In the dark chamber which we have prepared for our 
experiment, continued I, let a white thread be extended 
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4 Inorizontaly againſt the window, but at ſome little diſtance 
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from it. 
1 in the window-ſhutter, which, refracted by the two priſms, 
4 ; may paint two coloured images upon the oppoſite wall, 
When this is done, we muſt recommend ourſelves to the 


Let two rays of the ſun enter at two holes made 


genius which preſides over optics, and then patiently wait 


till the half of this thread be illuminated by the red rays of 
4 one image, and half of it by the violet rays of the other. 
Let the wall oppoſite to the window be covered with a 
black cloth, thar the colours which would otherways be 
reflected by the wall, may not diſturb the experiment; for 
at preſent we want no other colours but thoſe of the thread, 
which muſt be alone diſtinguiſhed, This thread mult be 


obſerved through a priſm placed before the eyes in ſuch a 
poſition, that all the objects ſeen through it appear higher 
The thread too will appear to be 
tranſported higher by the refraction; but becauſe the vio- 
let half ſhould ſuffer a greater refraction than the red, it 
will be much more tranſpoſed than the red, ſo that the 
thread will appear divided into two parts, the one illumi- 
nated with violet, the other with red, and the red will ap- 
pear lower than the violet. 

This experiment, if we ſhould exclude every other, is 
intirely agreeable in its parts to the Newtonian ſyſtem, If 
the violet part of the thread be illuminated with indigo, 
the thread will appear Teſs divided than at firſt, the indigo 
half approaching nearer to the red than the violet did, 
which muſt neceſſarily happen, becauſe the difference of 
refraugibility between the indigo rays and the red, is leſs 
than that between the red and the violet. 

If from indigo this half be illuminated with TIF os 


other half ſtill remaining red, the thread will, for the ſame 
G3: 


than they really are, 
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reaſon as I before mentioned, appear leſs divided than at ; 
firſt, and ſtill ſucceſſively leſs if it be illuminated with the 
other colours in order, green, yellow, and orange, till at E 
Jength becoming red like the other halt, the thread will I 


no longer appear broken nor divided in two as at firſt, but 


whole and continued, becauſe now the colours of each 3 


Half have no difference in their refrangibility. 
A like experiment may be made with a paper, the one 


half coloured with red, and the other blue; placed after. | ; 
wards upon a black cloth, and looked at through a priſm 7 


it will appear broken and divided into two parts. A 
Paper illuminated with four colours, which I have myſelt 


ſeen demonſtrated, that is, red, yellow, green and blew, 7 
ranged one after another in the order I have named them, I 
appeared through a priſin divided into four pieces, like f 4 
the ſteps of a ladder. The blue is ſometimes the higheſt $ 
of all,” and ſometimes loweſt, as the poſition of the priſm F 
requires. This experiment varied in as many ways as the El 


fruitful imagination of Paul Veroneſe would vary the ſub- 


ject of a picture, always ſucceeded ſo well, as to have greatly 


confirmed this ſyſtem, if its author ſuffered it to need any 
confirmation. 

1muſt ingenuouſly confeſs, ſaid the Marchioneſs, that 
though I have always regarded the mathematicians with 
a ſingular veneration, I do not yet underſtand what their 
demonſtrations are. However familiar they may at preſent 


be rendered, I do not comprehend them enough to find £ 


the ſolution of a problem among the patch-boxes and per- 
fumes on my toilette. I now begin to fear that my igno- 
rance of the Deity I worſhipped, greatly increaſed my ve. 
neration for it. Their evidence cauſes ſo great a noiſe in 
the world, that I was perſuaded every thing elſe, however 
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well it might be proved, had only a ſmall degree of pro- 


bability when compared with theſe. At preſent, I can- 


not conceive it poſſible for any mathematical demonſtration 
to be more certain than Sir Iſaac Newton's different refran- 
gibility, and yet this is a thing merely phyſical. But you 
are to conſider, Madam, that the perſon, who has treated 
upon this phyſical ſubject, was the greatelt mathematician 
that ever appeared in the world. We may affirm then, 
replied the Marchioneſs, that as every thing which Mi- 


das touched was transformed to gold, ſo every thing that 


Sir Iſaac Newton handled became demonſtration, 

If ever phyſics could hope to vye in certainty with geo- 
metry, anſwered I, they might with ſome reaſon expect 
it, when treated by Sir Iſaac Newton, though there is a 
a very great difference in the nature of their proofs, 

Phyſics can only conſider a vaſt number of particulars, 
make obſervations upon them, and thence deduce general 
propoſitions ; whereas geometry, by a more expeditious 
and certain way, abſtracts particular caſes, and founds 
its demonſtrations upon nature; and the idea of the thing 
itſelf, whereon it treats, 

All that a mathematician demonſtrates to you concern- 
ing one triangle, will be true in all, be they of what ſpe- 
cies they will, becauſe he conſiders nothing but what is 
neceſſarily included in the nature of a figure terminated by 
three right lines; and as this is found in all triangles that 
can poſſibly be he made or imagined, his prapatnign 
will hold true in all. 

On the other hand, a naturaliſt will tell you, tEat all 
bodies here below gravitate, and if left to themſelves. de- 
ſcend; but he does not, like the mathematician, deduce 


this propoſition from the nature of body, for that is un- 


766 7! ©:6-VU-23.:1V; 
known to him, but from a daily obſervation that gold, 
filver, gems, water, air, and a thoufand other bodies 
gravitate, and do it conſtantly by day and night, in ſum- 
mer and winter, fair and cloudy weather; from whence 
it may reaſonably be inferred by induction, that every o- 
ther body gravitates at all times, and in all places, 

But however reaſonable this method may ſeem, ſo great 
a demand for proofs implies a want of demonſtration, 
juſt as a too great attention to dreſs, argues ſome defect of 
natural beauty in a face. Who can tell, but notwith- 
ſtanding ſuch a multiplicity of obſervations, ſome may 
queſtion whether there be not a certain body with which 
we are yet unacquainted, that has no gravitation ? or if 
there be not ſome country in the unknown tracts of the 
ſouthern pole, where bodies have not that quality of gra. 
vitation which we diſcover them to be endowed with in 


all the known world? Or laſtly, whether in paſt ages 
there may not have exiſted a certain body that did not 


gravitate? You will grant, however, ſaid the Marchioneſs, 


that where the number of obſervations is ſo great as that 


from whence the gravitations of bodies, and the different 
refrangibility of the rays of light are deduced, that per- 
ſon muſt be inexcuſable who doubts their evidence, un- 
leſs it was preſcribed him by a phyſician for his health. 
If there are ſome, anſwered I, too exceſſive in their 
doubts, there are many others too bold in their aſſertions, 
All do not imitate the prudent and neceſſary reſerve of our 
judicious philoſopher : ſome are contented with one ſingle 


particular caſe, from which they haftily deduce a general | 


concluſion, like thoſe who form a judgment of the temper 
and general character of a whole nation, from the parti- 
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cular humour of a ſingle perſon, whom they have ſeen 
perhaps once or twice at a coffee houſe. 

Sir Iſaac Newton's antagoniſt whom I lately mentioned, 
imagining he had overthrown the ſyſtem, and principally 
the different refrangibility, in order to prove himſelf the 
opponent of this great author, even in the method of phi- 
loſophiſing, has put together a general ſyſtem, hinted at 
by others but not followed, formed upon particular caſes, 
which; well examined, are nothing but conſequences of 
that which he imagined himſelf to have overthrown. He 
ſuppoſes certain grounds, and a mixture of light and ſhade z 
and the different combinations of theſe are, according to 
his opinion, the cauſe of different colours. Can a com- 
bination of light and ſhade, interrupted the Marchioneſß, 
ever produce red or yellow ? ? A phznomenon muſt be very 


unfortunate,” whole explication depends on this ſyſtem. 


Perhaps,, anſwered I, thoſe phenomena which contradict 
general laws, thoſe monſters of optics, if there are any 
ſuch, are ſent by nature to this ſyſtem for their explication z 


and do not theſe fine colours of yours too deſerve a little 


puniſhment for all the miſchiefs they have cauſed ? But fee 
the unhappy condition of the poor priſmatic colours, which 
certainly do not merit the correction that yours do; and 


from hence you may form an idea of the value of this 
ſyſtem. 


It affirms, that when a ray of the e fax is refracted by a 
priſm, theſe colours are produced by means of two ſorts 
of images; the one formed by the diſperſion of the ſolar 
rays, and the other, by that of the rays of heaven, which 
are contiguous to thoſe of the ſun, What, ſaid the Mar- 
chioneſs, does this philoſopher attempt to bring this dz/- 
Fer /ion again upon the ſtage? Had he never ſeen the expe- 
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riment of the ſecond upright priſm, which has for ever 
banithed this ſuppoſition from the province of optics ? 
Authors, anſwered I, have their eyes formed differently 
from thoſe of other men. The ſun is light, and the ſky 
comparatively dark, This was ſufficient to furniſh the 


philoſopher we are ſpeaking of, with abundance of rela- 
tions betwixt light and ſhade, the veils, as he expreſſes it, 
formed by theſe two images, from whence he draws an 
"explication of the difference of colours in a priſm, I fancy, 
ſaid the Marchioneſs, this explication will not be very 
mple; it appears to me ſufficiently perplexed, Not to 
inſiſt upon this and many other difficulties which this ſy- 


ſtem is chargeable with, we will confine ourſelves to the 
ene objection, anſwered I. 

If it be true that this diverſity of colours depends c on a 
mixture of the rays of theſe two images of the ſun and 
ſky,. and from their ſhaddowing each other, it is certain 
that if there can be found a method to prevent the celeſtial 
. Tays from coming to. the priſm, and conſequently from 
bein g refracted and mixt with thofe of the ſun, the colours 
will vaniſh with all that fine theory which ariſes from. the 
mixture of thoſe two ſorts of rays, 

Now this may eaſily be effected, if before the ray: of the 
ſan, which enters at the window of the dark room, be 
refracted by the priſm, the middle of the ray be tranſmit- 
ted through another hole made in a table, or a paſtboard 
Placed at ſome diſtance from the window: In this caſe, ſo 
far is the priſm from receiving the celeſtial rays contigu- 
ous to thoſe of the ſun, that it receives no rays from the 
ſun himſelf, but what flow from his diſk, and is not at all 


affected by thoſe that proceed from his edge, It is evi- 
dent then, that if this ſyſtem be true, the colours of the 


41 3 


On Liu and COLOURS, 169 
mages in this caſe could not appear, which is abſolutely 
contrary to. experience, a : diſgrace pretty familiar to this 
ſyſtem. 

You ſeem, ſaid the Marchioneſs, to reſemble Bacchus 
throwing down the giants, who attempted to dethrone 
the gods, in order to uſurp their places. The ſpirit of 
ambition appears no leſs ſtrong. in this author, chan in 
thoſe preſumptuous ſons of caſt. 

You are to ſuppoſe, anſwered I, that an author is often 
as ſtrongly defircus of giving his name to a new ſyſtem, 
as a French lady can be of giving her's to a new faſhion, 
How happy would they be, if, like that Chineſe emperor, 
who burnt all the books of hiſtory preceding his reign, IN 
order to make his name the firſt epocha of it, they could 
deſtroy all preceding ſyſtems to make their own ws epocha 
of human knowlege ! 

Beſides, Sir Iſaac Newton's ſyſtem came from a country 
too far beyond the Alps, to be favourably received among 
the Italians. It would be very ſurprizing, if a ſyſtem, 
produced in England, had not been treated with averſion 
by ſome perſons in' a country ſo near the ſun as ours, T do 
not ſee, replied the Marchioneſs, why a ſyſtem ſhould meet 
with the worſe uſage for being a native of England. For 
my part, as much an Italian as I ain, I do not believe 
that 1 ſhould be prejudiced againſt a well grounded one, 
even if it had been produced i in Ireland, or Nova Zem- 
bla. | 

You are not to imagine yourſelf, _ anſwered 1, to be 
ranked with the generality of mankind, A ſea, a river, or 
a chain of mountains placed between ſome people and a 
certain truth, are inſuperable objections to their reception 
of it. Perhaps as the Romans found a certain Ze ne ſpais 


Wr. 

quoi, in the ſtile of Livy, which diſcovered the Paduan, 
ſo our Italians find a Je ze ſgais quoi, in every truth that 
comes from beyond the Alps, which does not agree with 
their taſte, Theſe gentlemen, ſaid the Marchioneſs, muſt 
have a very diltinguiſhing judgment to diſcover ſuch dif- 
ferences as theſe, or it rather argues, they have no taſte 
for truth, who find any thing foreign in the proofs of a 


different refrangibility. In this I may venture to affirm 


myſelf a better Italian than they, ſince the leaſt difference 
In this caſe may turn to our diſadvantage, 

You, Madam, ſaid I, are a citizen of the world, and _ 
ſenſes formed for truth are proof againſt the objections of 


| thoſe whoonly appear to be zealous for it. You will find a new 


demonſtration of the different refrangibilities drawn from the 
difference in the focus of a lens, through which the different 
colours are viewed, The image of the letters of a book, 

formed by a convex glaſs, illuminated by the red rays of 
a priſm, appears diſtin& at a certain diſtance from the 
glaſs: the 1 Image of the ſame letters, when illuminated by 
the blue rays, is not diſtinct, but at a leſs diſtance. In 
the like manner, the four colours, red, yellow, green, 
and blue, of the paper we before mentioned, are not e- 
qually diſtn& when placed at an equal diſtance from the 
lens. The blue is neareſt, next follows the green, after- 
wards the yellow, and laſt of all the red, whoſe rays being 
leſs refrangible than the reſt, muſt be collected and united 
at a greater diſtance from the lens. 

Might not ſome wiſe caviller, ſaid the Marchioneſs ſmil- 
ing, gravely object, that the book which firſt received the 
red, and afterwards the blue rays, was wrote in Engliſh ; 
and that in order to prove the different refrangibility, it 


was neceſſary for it to be Italian? But after all, it is an in · 
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7 famous thing to be ſo hardened againſt truth. Are not 
3 theſe experiments ſufficiently deciſive ? And can there in 
F any country of the world be aſſigned a cauſe, why the 
image of one colour ſhould be nearer to a lens than that 
of another, unleſs it be the different refraction which they 
ſuffer in paſſing through the lens? Do not put one 
in a paſſion, Madam, faid I; the different refrangibility 
will be true, notwithſtanding theſe objections. You may 
full ſafely believe it, as many other judicious perſons do, 
in defiance of that obſtinate war which the antagoniſt of our 
philoſopher declared againſt it, The Newtonian ſyſtem 
had the ſame fortune as that field where Hannibal en- 
camped when he beſieged Rome, which did not fell at al 
the worſe upon that account : or rather, you may look 
upon theſe objections, as the ſatirical verſes, thoſe miſer- 
able invectives which the licentiouſneſs and malignity of 
the common ſoldiers mixt with the acclamations and 
glory of a Roman triumph. The beauty and ſimplicity 
of this ſyſtem did not deſerve to paſs unmoleſted by envy 
and cenſure, that tax which merit is bound to pay to the 
public. | | 

A celebrated miniſter & at once capable of the ſublimeit 
projects and the loweſt employments, and a whole college, 


Joined their forces againſt the applauſes paid to the Cid. 
For a like reaſon, Moliere's Miſanthrope was recited to 


the ſame audience that liſtened to the ſermons of Cotin, 
How often have the celebrated Coracci had the mortifica- 
tion of ſeeing their fine pieces ſold in their life-time by the 
ell, if I may uſe that expreſſion, which now are the orna- 
ments of the beſt choſen galleries, and paid by the ad- 


* cardinal Richelieu. 
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miration of connoiſſeurs, better than by the gold of the 
rich! | 

It was neceſſary for the honour of Sir Iſaac Newton's 
ſyſtem, that it ſhould be attacked on all ſides, and that 
ſome {ſhould diſpute the different refrangibility of the rays, 
while others wrangle about the immutability of colours, 
which 1s another of their properties diſcovered by our pe- 
netrating philoſopher. 

The experiment, upon which this new quality of colours 
is principally founded, was renewed in France, by mon- 
ſieur Mariotte, a man exceedingly well verſed in the arts 
of obſervation. This experiment in his hands produced an 
effect contrary to what Sir Iſaac Newton had given reaſon 
to hope for. Thus a ſyſtem, the flow and conſiderate 
offspring of reaſon and experience, was eſteemed imagi - 
nary and vain; and a great philoſopher, who ſpeat his 
whole life in the ſtudy of truth, paſſed for a reveur, or an 
impoſtor. | . 

What is this you tell me, ſaid the Marchioneſs, of an 
experiment in France contrary to that of Sir Iſaac Newton ? 
Is it poſſible, that two men equally attentive, and accu- 
ſtomed to obſervation, ſhould need a 8 decide a 
matter of fa& ? It is not ſurpriſing that two people ſhould 
reaſon differently upon the circumſtances of à fact accord- 
ing to their different principles, as in the caſe of a perſon, 
who ſhifted his linen three times a day, one aſſerted that 
he muſt be extremely neat, and the other, that he was a 
very oven. But to diſpute and mutually deny the fact 
Itſelf, I always thought reſerved for filly women and en- 
thufiaſts, | 


It is certainly, anſwered l, a great reflection upon phi- 


loſophers, when we find them diſſent in matters like theſe ; 
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tit at leaſt demonſtrates, that one of them muſt have been 
inattentive in obſerving the laws of nature. T hoſe rati- 
onal horſes ſo far ſuperior to ns men, which Gulliver dit- 


covered in the iſland of the Houyhuynms, the laſt place 
where he arrived at in his allegorical voyages, were ex- 
tremely ſurprized to find ſuch contradictions among our 
philoſophers, that is, thoſe of our ſpecies who take the 
moſt pains to cultivate their reaſon, Thoſe happy ant- 
mals know not the meaning of uncertainty and doubt, in 
matters of fact. The diſhonour that philoſophers receive 
upon this account is very great, even among us, and there 
are too many examples ot it, 

Two famous academies, which have equally truth for 
their end, and emulation for their companion and guide, 
diſputed upon a fact, by which is demonſtrated the refra- 
tion which light ſuffers in paſſing from a vacuum into airs, 
That academy, which maintained the refraction, was at 
length victorious ; and it was neceſſary that even this truth 
ſhonld be conteſted in order to be admitted. Some from 
experience will tell you, that in breathing, the air paſſes 
from the lungs to the heart, while others allege the ſame 
experiment to prove that it does not. Many diſcover cer - 
tain little machines and organizations in the glands of a 
body, which others affirm cannot be ſeen, Fancy and 
prepoſſeſſion have the ſame influence here as in all other 
things, and make us think we diſcover in objects, without 
us, what runs ſtrongeſt in our own mind. Thus a few 
irregular ſtrokes will appear to the eyes of a painter, the 
contour of a leg or a face, wind-mills become giants to 


Don Quixot, and firs and beeches ſeem transformed to a 
fine lady in the eyes of a lover. 


An obſerver mult not ſearch into experiments, in or- 
F'2 
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or twentieth day of the month. Theſe circumſtantial na- 
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der to. find his own opinions there, like that perſon who 


looked for his pedigree in Homer, becauſe both the one 


and the other will every where meet their own imaginatt- 
ons, Natural philoſophy, like poetry, requires a man 


formed expreſsly for it, a Malpighi, a Reaumur, a Boyle, 
not moved by authority, ſednced by fancy, nor terrified 


by &.Ficulties; a man, if we will believe a celebrated writer, 


dexterous, active, and curious as the French and Engliſh, 
and reſerved, cantious and circumſpect as the Italians and 
Spaniards. Why not the patience of ſome other nation, 
{aid the Marchioneſs, inſtead of the caution of ours, which 
is too like diffidence to redound greatly to our honour, 
This author, anſwered I, conſiders only the good qualities 
of different nations. But you would be better pleaſed, 
perhaps, if the part we contribute to the formation of a 
perfect philoſopher, were the religious attention of our 
paſſionate lovers. I am acquainted with one of theſe, ſaid 
the Marchioneſs, who would be a Newtonian if philoſophy 
was his miſtreſs, 

This attention, anſwered I, might carry theſe gentle- 
men to a great height of ſuperſtition, as it does a natura- 
liſt, who preſcribes it as a rule of art, whenever an experi- 
ment is made, to mark exactly the country, hour of the 
day in which it was effected, what wind blew at that time, 
the degree of heat, and draught of the air, with many o- 


ther circumſtances of this nature, which in ſome caſes may 


be proper, and-even abſolutely neceſſary, but in others I 
really do not ſee of what ſervice they are; for in looking 


upon a paper of two colours with a priſm, it is of no ſort 


of importance whether the wind blows eaſt or weſt, whe- 
ther the time of the year be autumn or ſpring, the ſeventh 
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4 turaliſts reſemble an antiquarian, who ſhould copy a cor- 
nice of an inſcription with as much exactneſs as the inſerip⸗ 
tion itſelf. 


Phyſic, replied the Marchioneſs, has almoſt diveſted! it- 


felf of the prejudice of obſerving certain ſeaſons of the moon» 


as a proper time to apply its medicines; and perhaps na- 
tural philoſophy has aſſumed it in her ſtead, that theſe ſu- 
perſtitious notions may not be deſtroyed, but there may 
always be pretty near an equal doſe of them in the world, 

It muſt be confeſſed, however, anſwered I, that there 
may always be hoped ſome good effects from this diligent 
diſpoſition, even though it be carried to ſuch a degree as 
to become ridiculous : but we can never expect any good 
from negligence. You will ſee an evident proof of this, 
in that celebrated experiment of Sir Iſaac Newton, before 
which all the antient idols of optics fall to the ground; 
thoſe imaginary ſyſtems which ſuppoſed colour might be 
changed by refraction, reflection, the confinity to ſhadow ; 
and in ſhort that colour is nothing but a certain modiſica- 


tion, as they expreſs it, of light, which may eaſily be 


changed by theſe circumſtances. | 

But Sir Iſaac Newton has ſhewn the falſhood of this opi- 
nion, and demonſtrated that a ray, for example, red, 
well ſeparated from all. the reſt, will conſtantly keep its 
colour in ſpite of any reſraction or reflection it is made to 
ſuffer, or any other method that the fruitful invention of 
a naturaliſt can contrive to torment it. The ſame con- 
ſtancy will hold good in all the other colours, if they are 
well ſeparated, The grand experiment which furniſhes 
us with theſe agreeable and ſurprizing truths, is this which 
follows. | 

The image of the ſun formed by the conjunction of 2 
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priſm and lens, is received upon a paper; by this eonjune- 
tion the colours are much more unmixed and betrer ſepa- 
rated than they would otherways be. 

Having thus made a more perfe& ſeparation, the rays 
of different colours mult paſs ſucceſſively through a hole 
in the paper, that they may be refracted by a ſecond priſm, 
in order to prove whether this new refraction can produce 
any new colour, If it ſhould, we muſt confeſs that colour 
is nothing more than a certain modification which the 
light acquires in paſſing through the priſm ; and then phi- 
loſophers may ſet their imaginations to work, in order to 
find out what motions, figures, and the like, are neceſſary 
to produce this modification. 

But on the other hand, if the ray conſtantly preſerves 
its own colour without the leaſt alteration, we muſt agree 


that refraction has no ſhare in the production of colours, 


and abandon the antient ſyſtem of modification : and all 
ts ingenious delufive dreams will vaniſh at the rifing morn 
ſthe Newtonian truth, | 

Now the experiment we are upon, demonſtrates that a 


| homogeneal ray, red, yellow, blue, or of any other pri- 


mary colour, is not in the leaſt altered, by a new refraction, 
nor even by a great number of refractions which it is ſue- 
ceſſively made to ſuffer. It is not changed either in its 
colour or degree of refrangibility, which remains conſtant- 
ly the ſame, Thus, if two rays, one red, and the other 
violet, be made to fall one after another upon the ſecond 
priſm, with the ſame incidence, that is, if both the rays 
coming from the fame point, fall likewiſe upon the ſame 


point of the priſm : if the rays, I ſay, fall upon the ſe- 
cond priſm in this manner, the violet, after the ſecond re- 


fraction, will ſtrike the oppoſite wall in a ſituation higher 
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chan the red, and the intermediate colours in intermediate 


7 ftuitions, thoſe which had ſuffered the greater refraction 
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in the firſt priſm, ſuffering the greater in the ſecond like - 


> wiſe; all theſe colours will paint upon a white paper di- 


rectly oppoſite to them, a little circle perfectly round, and 
not oblong like the image made by the firſt priſm, and this 
circle will be of the ſame colour as the rays, without any 
addition or mixture, 

I beſeech you to ſtop and take breath, ſaid chi Mar- 
chioneſs; you were engaged in ſuch a long period, that 
began to think you would never come to che end of it. 
I ſhould be ſorry, Madam, anſwered 1, if the length of 
the period has rendered me obſcure, and made you looſe 
ſo fine an experiment. No, no, ſaid the Marchioneſs, I 


underſtand it very well. Does not all your meaning a- 


mount to this, that the homogeneal rays of light are im- 
mutable both with reſpect to colour, and degree of re- 


frangibility? I am extremely rejoiced, ſaid I, to find 1 


may be as prolix in my periods as I pleaſe, without appre- 


henſion of obſcurity, and may employ one as long as thoſe 
of the Azolain dialoguiſts, to tell you that this is the ex- 
periment which Mr, Mariotte endeavoured to make, and 
by ſome misfortune found, that after the ſecond refraction 
certain new colours were united to the red and blue. I 
know not how this happened, but probably it was from 
ſome defect in the priſm which he employed. | 

The ill ſucceſs of this experiment would have done the 
immutability of colour no ſmall injury in the learned world 
beyond ſea, if it had not been repeated in England before 
ſome learned Frenchmen, the motive of whoſe voyage was 
purely philoſophical, This repetition of the experiment 
clearly demonſtrated, that Mr. Mariotte, though others 
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wiſe an accurate obſerver, has failed in ſome of the cir- 
cumſtances neceſſary to bring it to good effect. Thus 
were theſe two nations, more divided by their different ways 


of thinking, than by a little arm of the ſea, reconciled u- 
Y pon this point. 

This law of nature common to all nations acquainted 

with light, met with a leſs favourable reception in Italy, 

f than in any other, The moſt obſtinate antagoniſts of the 

1 Newtonian ſyſtem have riſen among us; there ſeems to be 

1 ſome fatality in this, that a nation which the Italians once 

found ſo difficult to ſubdue by force, ſhould in its turn 
find us the moſt difficult to be ſubdued by reaſon, 

In order to contribute my ſhare to the eſtabliſhment of 

this law even among us, I cauſed the ſame experiment to 


jd be repeated at a place in Italy, celebrated for the learned 43 | 
1 men it has always produced, and neuter enough not to be 3 
ſuſpected of partiality, No miniſter of ſtate, ſaid the | E 
| Marchioneſs, could act more politicly in the choice of a 


proper place for the holding a congreſs. Within a very 
little, anſwered I, all my politics would have ſignified no- 
thing : for though we made uſe of Sir Iſaac Newton's own 
method in ſeparating the colours, and the chamber was 1 
extremely dark, yet a certain light of a blewiſh caſt always 
mixt itſelf with the colours refracted by the ſecond priſm. iF 
WU \ tt is true, this light was irregular and inconfant, but 3 
4 however, it was ſufficient to ſerve for an excuſe to the in- i 
eredulous. Þ 
This appearance give us a real inquietude: and we | 
would never have ſlept in peace, if we had not, after much 
ſtudy, found out the cauſe, We obſerved that the bor» 
ders of the coloured image were not ſo well terminated as 
they ought to have been, provided the priſm, by which 
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$ it was coloured, had been good, We diſcovered a light, 
round the edges, of the fame nature with that which was 
| = obſerved to be mixed with the colours refracted the ſecond 
1 time, and we perceived that ſeveral ſtreaks of this light 
ZZ croſſed the image from one endo the other. 
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From all 
theſe circumſtances it appeared, there muſt be ſeveral ir- 
regularities in the priſm, as bubbles of air incloſed in the 
glaſs, unevenneſs in the ſurface, and other things of the 
like nature, which were probably the reaſon why the light 
was irregularly refracted, and by this means rendered it 
impoſſible for the colours upon the image to be perfectly 
ſeparated. 

Various and repeated experiments made it evident that 
the fault of this apparent alter ation of colours, which we 
obſerved in the image, muſt be imputed entirely to that 
irregular light which we had before ſuſpected to be the 
cauſe, if we may call that an alteration which was nothing 
but the addition of one colour to another. 

I congratulate you, interrupted the Marchionefs, that 
after ſuch a diſcovery nothing will hereafter diſturb the 
tranquillity of your ſleep. Heaven preſerve me, anſwered 
I, from that cold tedious tranquillity, which is however 
the object of our deſires. It is in philoſophy as in all other 
human affairs, where the II of one deſire 
often gives birth to another.. 

When we had diſcovered the cauſe of this defect in our 
experiments, our next buſineſs was to find ſome remedy 
for it. The difficulty of acquiring it was a' new motive 
for our labour and inquietude. 

Our priſms in Italy are of no other uſe hank to amuſe 
children, or hang up as a fine ſhow in ſome window in 
the country, and not for the ſervice of philoſophers, who 
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are often too exact for artificers, and require a greater 


accuracy than is in che power of art to beſtow. 


We reſolved to write to England, which has its Faw. | $ 
keners for lapidaries, and its Grahams for clock- making, ? 


where, in ſhort, every thing ſeems to be contrived for the 


Teign of Numa; and we could have wiſhed for a Mamurius 
to make as many copies of theſe as he had formerly done 
of that. 

With one of theſe priſms we renewed the experiment, 
and the coloured 1 image, painted by it, emerged ſo beauti- 
ful, ſo well terminated, and ſo lively, that the other 
ſeemed no more, when compared to this, than a rough 
draught to a finiſhed picture. The colours refracted by a 
Jecond priſm remained ſo immutable, that neither the 
moſt penetratin g eye; nor even the Zoilus of the Newtonian 
ſyſtem would have diſcovered the leaſt alteration, 

Perhaps, faid the Marchioneſs, nature has reſerved the 
merit of demonſtrating truth to the Engliſh priſms, that 
18, to whoſe by thoſe means ſhe at firſt diſcovered herſelf. 
It would be a curious phænomenon, anſwered I, to ob- 
ſerve ſuch a partiality in nature, as for her to prefer ſuch 
a priſm made in London, to one produced in Murano. 
But the truth is, that if we conſult her as we ought, ſhe 
always anſwers the ſame, whether the priſm be Engliſh 


or Italian, provided it be good and well worked; and 
the chamber, where the experiment is made, extremely 


to 


ſervice of the moſt curious and importunate naturaliſts, if 
fortune and our good genius had not unexpeRedly fur. 
niſhed us with ſome which were juſt arrived from that 
country.“ Thels we eſteefned as ſacred, as the Romans 
did the Tate! or ſhield which fell from heaven in the 
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If all theſe circumſtances are rightly prepared, the co- 


4 © lours, though refracted three or four times, will remain 
4 unchangeable, neither more nor leſs with regard either to 
F colour or figure, than an object expoſed to a homogeneal 
light, and viewed through a priſm, The variety of co- 
lours, the change of figure, and the confuſion diſcovered 
| : in objects looked upon in this manner, proceeds from no- 
thing but their reflecting more or lels all ſorts of rays, 
© which, being afterwards differently retracted, F 
all theſe irregularities, 


If upon a circle of paper there fall at the ſame time the 
red of one image and the blue of another, ſo that the pur- 


> ple colour, compoſed of both theſe, may appear, it will, 


when examined through a priſm, ſeem divided into two 
ſeparate circles, the one red and the other blue; and the 


reaſon of this appearance is the different refraction of theſe 


two colours. If the yellow and green of two other images 
ſhould fall at the ſame time upon the paper, ſo that it 
would be illuminated with four colours at once, it will 
appear oblong and divided by refraction into as many cir- 
cles as there are colours, and thele circles will ſeem placed 
upon one another, I know you are going to add, ſaid 
the Marchioneſs, interrupting me, that if this paper be 
expoſed to the light of the ſun, who contains every ſort of 
ray in himfelf, it will appear of a figure ſtill more oblong, 
and painted with the celours of the rainbow ; whereas, if 
it be illuminated by only one homogeneal light, it will 
alter neither its figure nor colour, when obſerved through 
a priſm. 

You mult forgive the weakneſs of human nature, Madam, 
anſwered I, if we generally finiſh the ſentence we have 
begun. It was reſerved for Sir Iſaac Newton and you, 
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to underſtand nature by half a word, and find out natu · 1 
ral philoſophy, notwithſtanding its uncertainty, It is ſu. 
perfluous to tell you that flies and other little objects, 
placed in a homogeneal light, appear very diſtinctly to the 4 
eye with a priſm; and the very ſmalleſt Elziver print may 
be read without any difficulty; but the ſame things will 9 | 
not have this effect, when placed in the heterogeneous 3 
light of the ſan, becauſe of the confuſion and quantities b 
of colours that ariſe. = 

In this caſe I abandon the priſm to the diſpoſal of poe- 
try, to make uſe of it in compariſons, which do it no great 
honour. That celebrated author, whoſe fine ode you ſo E 
much admired, compares it to falſe eloquence, which ob. 
ſcures the face of truth, laviſhes its ornaments without 
diſtinction, and diffuſes its glaring colour over every thing. 
It is certain that the poet, in this compariſon, means that 
priſm which tranſmits the rays of every ſort. And when + 
it tranſmits only the homogeneal rays, ſaid the Marchio- 
neſs, may we not compare it to true eloquence and true =Y 
ſpirit ? For as it ſhews us the objects removed out of their by 
place without any alteration, ſo true wit often ſurprizes 1 
us only by varying common ſubjects in a new manner. 

You are fo well acquainted with the priſm, anſwered I, 
that you may ſafely compare it with your own wit. But 
I know not what compariſon you will find for the immu- 
tability of colours, unleſs you ſeek for it perhaps in your 
own heart; and then knowing that reflection has no more 
influence on that immutability than refraction has, you 
will be better acquainted with it than you at preſent are. 

If the colours with which bodies are variegated and 


painted were only a modification, which the rays of light 
acquire by being reflected from their various ſurfaces, as 
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as once believed, a body which appears red in the light 
: of the ſun, would ſtill remain red when placed in any o- 
1 tber colour of the painted image, for inſtance, blue, be- 
f I 2 cauſe it could modify this blue colour refracted and mo- 
' dified already by the priſm, as well as it does the light 
7 which comes directly from the ſun, 


But Sir Iſaac Newton has proved by experiments, that 


: L every body placed in homogeneal rays is of the ſame colour 


as the rays themſelves, without allowing, however, the 
ſuppoſition that bodies by reflection modify the light in 
ſuch a manner, as to make it receive this or that particu- 
lar colour, Thus all white, red, yellow, blue, green 
bodies, as paper, ſcarlet, gold, ultra-marine, and graſs, 
in red rays appear totally red, in blue, totally blue, and 


ſo of the reſt, The only difference conſiſts in this, that 


all theſe various bodies, placed in the ſame homogeneal 
light, are not all equally luminous, but every body appears 
the moſt lively when placed in a light of its own colour, 
except paper, and all other white bodies which equally 
receive any colour, and may be regarded as the Cameleon 
and Proteus of optics. | 

Would this diamond then, interrupted the Marchi- 
oneſs, if placed in the rays of our coloured image, take 
indifferently any colour, and at one time be transformed 
to a ruby, at another to a topaz, an emerald or a ſaphire ? 
So much the better, an{wered I, as it would dart only 
one unmixed colour, and all the varying ſplendors with 
which it ſparkles in the direct light of the ſun, would va- 
niſh in this homogeneal light. 

It is very pleaſant to obſerve how the tk duſt or atoms 
in the air change colour as they paſs from one ray to ano» 


Q 


, 


ey nin wh ot + 
; _— = Ec 
— — HG — 
— 


_— 


IEA A — 


— 


—— ͤñD— 


I 
— xc. 


— 


— — * 


+ 
5 
y 
430 
= 
7 
x 
* 
4 
* 
: 
4 
1 
1864 
= 
—_ 
C4 
1 
* 
> 
, ur, 
. + 
1 0 
1 
TR 
i " 7 
1 
. 
1 
= 
_— 
3 
1 
. 
3 
\ 
Fi 
4 D - 
: 
"29 
1 4 
: q 
14 
1 19 
i 
_ 
. 
14 3 
mY”. þ 
©} 
2 5 
a _ 
1 
3 
1 
4 f 
$5 
al 
6: 3 
4 5 f 
1 
7 1 
1 
41:8 
bo 9 
> 
fi s > 
5 
iii 
1 
1 
1 
5 
WW 
= 
we! 
C 'F 
BS: 
i 
IN 
HE 
i 
= * | 
oo 
\ [34 
1 
i 
17 
1 
. 
} 
we 5 


—— ) a 
— 


Ron 
— — — — 


ted . 


ther, juſt as a river varies in its colour according to the | 


various qualities of its bottom, | 

| Other bodies, as I before mentioned, are not equally 
lively when placed in different coloured lights, The var. 
niſh, for inſtance, with which Martino, the emulator of the 
Chineſe art, makes ſo many fine curioſities, is extremely 
luminous in the red light, leſs in the green, and ſtill faint- 
er in the blue. On the contrary, the Lapis Lazzuli, 
which has the honour to ſerve for a repoſitory to your 


ſnuff, is extremely lively in the blue, leſs ſo in the green, i 


ſtill fainter in the yellow, and almoſt dark in the red. 
The ſame inequality holds good in bodies ſeen by a tran- 


| mitted light, as is proved by glaſſes of different colours; 


ſo that every body reflects or tranſmits, in great abundance, 

thoſe rays which are of its own colour, and reflects or 
tranſmits the other rays, in proportion as they are nearer 
or farther off its own colour in the order of refrangibi- 
lity. 6 | 
It follows from hence, ſaid the Marchioneſs, that no 
colour even that ſeerns the moſt perfect, can be abſolutely 
unmixed, And perhaps it will never be in the power of 
art to dye a ſilk in ſuch a manner, as for it to reflect only 
one ſort of rays. 

It would be more difficult, anſwered I, to ſort the va- 
rious colours together, and flatter our ſight by the con- 
cords of harmony, if they were all homogeneal and un- 
mixt. In this caſe, all the delicacy of nature would be 
requiſite to find out the innumerable intermediate ſhades 
betwixt any two colours, But now as every colour is more 
or leſs blended with ſome other, we are by that means 
furniſhed with a more eaſy and expeditious way. 

Hence it is that the gradation from one ſhade to ano» 
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ther, though perhaps there may be ſeveral intermediate 


ones wanting, does not appear defective to our eye, which 
diſcovers in each the ſame baſis of all the colours that ſof- 
tens them, and ſerves for a ſupport to the harmony. 
There would ariſe other inconveniencies beſides theſe, 
if coloured mediums did not tranſmit every ſort of ray; 


for this would agravate a diſtemper bad enough in itſelf, 


which infects and tinges the whole body, and the 2 it- 
ſelf with an unpleaſing yellow. 

Perſons under ſuch circumſtances as theſe, when it 1s 
very. improper to pay viſits to ladies, would become abſo- 
Jutely blind, unleſs to yellow objects, and could ſee no 
faces but of thoſe who are troubled with the ſame diſorder, 

A perfectly complaiſant lover, replied the Marchioneſs, 
if his miſtreſs ſhould happen to be ill of this diſtemper, 
muſt clothe himſelf in yellow, a colour, which, though re- 
garded with great veneration in China, is not looked upon 
as a good omen for lovers among us; and perhaps get the 
jaundice in order to be ſeen by his charmer, and give her 
a proof of his affection. | 

So perfect a lover, anſwered I, would not be an improper 
perſon to prove this immutability of colours, if we had 
no more proofs to demonſtrate it than what you have al- 
ready ſeen, What remained to be ſhewn was, whether 
the confines of ſhadow, with which the light is bounded, 
are capable of making any alteration in the colours? This 
would have been fine ſport for thoſe naturaliſts who lay 
hold on every thing, in order to build a ſyſtem, 

Our philoſopher put the colours to the teſt of this new 
experiment, and found nothing wanting in their conſtancy 
which maintains its ground, even when it happens that 
rays of different colours croſs and interſect each other; it 
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firmeſt and moſt obſtinate conſtancy, in ſpite of all that a 23 
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appears, in ſhort, to defy every thing judged capable of of 
bringing any alteration upon them, 


We mult have recourſe to romance, ſaid the Marchio- 
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nels, to find ſome equal to theſe colours, which do not 1 
give place even to the Ephe/ian Anthia, a model of che = 
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romancer can produce to make her at length What? Y 
anſwered I; reſemble the matron her fellow-citizen, re- #2 
plied the Marchioneſs The conſtancy of theſe colours 
mult certainly appear very ſurprizing to ladies, anſwered 
I. I do not doubt but the greater part of them would] 
much ſooner admit the ſyſtem of Lucretius, who without 4 


17 
ſo many experiments, affirmed not only that they are mu- 1 
table, but chat any one colour may be changed into al __ 
the reſt. Bi 


1 1 
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Expoſition of the Newtonian philoſophy continued. 


Z T HE next morning, as ſoon as the Marchioneſs was 


up, ſhe ſent for me into her cloſet, not concealing 
that agreeable diſorder which ſhe knew her beauty could 
1 find indeed, ſaid ſhe, that your 
philoſophy begins to grow a very ſerious thing, I can 
aſſure you, I have ſlept much leſs this night than before; 
I cannot tell whether this be the reaſon of it, but I find 
that philoſophy and ſound ſleep do not agree very well 
together. My interrupted dreams have tranſported me 
into the region of optics, where I ſaw nothing put priſms, 
lenſes, rays differently refracted, coloured images; in ſhort, 
all thoſe experiments, and all that philoſophical apparatus 
which you deſgribed, aroſe ſucceſſively in my imagination, 
like viſions ua Whatever charms theſe things 
may have in themſelves, I could never have imagined 
they would employ my thoughts ſo ſtrongly at a time when 
it is not very cuſtomary to think of philoſophy. No really, 
anſwered I, it was a time more proper to think on the 
philoſopher, You are not to ſuppoſe, replied the Marchio- 
neſs, but he had his fhare, and has no reaſon to complain 


receive no injury from, 


ANtomes, 


of me. If this be the caſe, Madam, anſwered I, there is 


no great miſchief done. 1 rathey adviſe you to recal theſe 

dreams to your memory as often as you can, and you will 

be ſtill the more ſenſible that they deſerve it. How do 

you ſuppole it poſſible, continued ſhe ſmiling, that 1 could 

think on theſe experiments without admiring the penetra - 

tion and ingenuity of the philoſopher who invented them, 
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be too ſerious? replied the Marchioneſs, We are exam- 
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a man who ſeemed directed by nature herſelf, in the me. te 


_ 


thod of tracing her laws? I perceive, ſaid I, that you 
take the thing too ſeriouſly. In the preſent caſe I think 
you might be contented with the expoſitor. How ! can!! 


9 


ining whether colours be immutable or not, whether the 2 
rays of light be differently refrangible; we are building up 2 
and throwing down ſyſtems, and in ſhort, our inquiries þ* 
aim atnothing elſe than truth itſelf, Can you reaſonably i 
accuſe me then of being too ſerious in matters of ſuch im- 1 
portance? But theſe ſyſtems, anſwered J, and this truth, 
however pompous they may ſound to the ear, ought not, 
however, to diſturb our more agreeable dreams. It would Þ* 
really gain me a fine reputation m the world, if it were 2 
publickly known, that I had made you dream of lenſes 
and priſms, We ſhould act in things of this nature, as 
thoſe, who ſtudy to make the beſt uſe of their paſſions, do 
with regard to love, Theſe perſons, who do not appear 
to be the moſt injudicious, never devote. themſelves ſo en- 
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tirely to it, as to interrupt their more important concerns, 
but only as much as is ſufficient to make them paſs away 
two or three hours agreeably with that ſex with whom it 
is hardly poſſibly to converſe upon good terms, without 
at leaſt a pretence of being in love. 

You at once give me leſſons in love and philoſophy, re- 
plied the Marchioneſs. But you know when people firſt 
fall in love, they have little leiture for theſe grave reflec- 
tions, but ſuffer themſelves to be tranſported farther than 
they ought, This is exactly my caſe with regard to phi- 
loſophy, in which 1 have hardly yet advanced one ſtep. 
I am ſo little miſtreſs of myſelf, that I have gone ſo far as 
to ſeek methods to confirm Sir Iſaac Newton's ſyſtem. Af. 
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ter all you have told me, judge whether my tranſports 
were not very ſtrong. 

Let us ſee, Madam, anſwered I, what they have pro- 
duced, for we often owe the fineſt things to ſtrong paſſions. 
The Iliad, Aneis, the poems of Dante and Milton, were 
produced in their moſt vigorous time of life. To theſe 
may be added, at leaſt for that veneration with which 
they are regarded by their countrymen, the Luſiade of Ca- 
moens, compoſed in a time of the greateſt revolutions and 
conqueſts in Portugal, and the Araucana of the Spaniards, 


where the poet himſelf is the hero. Perhaps between the 


broken ſlumbers of laſt night, your imagination produced 


ſomething greater than all I have been mentioning, 

1 am afraid, anſwered the Marchioneſs, that it will a- 
mount to very little, I was thinking, that if light is com- 
poſed of rays of different colours, which, blended together, 
produce abhite, we 0'ight to examine whether theſe colours, 
after being ſeparated by the priſm, might not be mixt to- 
gether again. I for a long time conſidered, but with little 
ſucceſs, in what manner this could be effected. 

Sir Ilſaac Newton himſelf, ſaid I, has delivered you 
from this trouble; for that method of confirming his ſy- 
ſtem which you mention is ſo good, or rather ſo evident 
and immediate a conſequence of order, that he has made 
ſeveral experiments to that purpoſe. I am now going to 
ſhew you one of the molt celebrated, and at the ſame time 
the moſt ſimple, to which this great philoſopher was con- 
ducted by that ſpirit of order which you poſſeſs in common 
with him. 

The image of the ſun made by a orifin in the dark 
chamber, is received upon a convex lens, that the coloured 


Tay, Which at going out of the priſm, diverged, may by 
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the lens be made to converge and unite, and by this means 
be again blended together. Iam quite aſhamed both of my 
ſtupidity and myſelf, interrupted the Marchioneſs, I had 
all the materials neceſſary for the execution of my idea, 
ready prepared to my hand; they only wanted puting to · 
gether, and I had not the ſenſe to do it. You are greatly 
in the right, to be unwilling that a perſon ſhould hear the 
voice of philoſophy, who is incapable of making it an an- 
ſwer. I might rather, anſwered I, apply to you that fa- 
mous ſaying of antiquity, 1 ih with all theſe gualipcati- 
0s, you were one of us, You will find in optics themſelves, 
ſome conſolation for what you call your /upidizy. Men, 
thoſe reaſonable and curious beings, lived above three 
hundred years before they found out that a convex and 
concave glaſs put together, would make a teleſcope; and 
though they had the materials every day at hand, were 
at leaſt indebted to mere chance tor this ufeful inſtrument, 
It was a greater diſgrace to mankind not to diſcover it be- 
fore, than honour to them that they found it at laſt; 80 
that this uſeful and fine invention is of the number of thoſe 
which are ſtanding monuments of the weaknels of 8 
nature. You comfort me, replied the Marchioneſs, at 


the expence of mar. kind. But to return to our ſubject. 


1 ſuppoſe that point beyond the lens, where the coloured 
rays are united, will appear totally white. 

The rays, anſwered I, have no ſooner paſſed through 
the lens, but they begin to mix and elface each other; and 
they loſe the fine harmonious proportion eſtabliſhed be- 
twixt them in the ſpaces of the coloured image, the origin» 
al of the muſic of the eyes, When they are all confined 
at length, and incorporated together in the focus of the 
lens, they form a little circular image totally white, a re- 
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public, if I may uſe the expreſſion, of colours, where they 
are all equally tempered together : The red can no longer 
diſplay its lively flame, the green boaſts no more the ſmil- 
ing livery of the. ſpring, nor the blue the lucid robe of 
A | heaven, but all, blended together, reſtore the whiteneſs of 
* the ſun from whence they came, in ſuch a manner, how- 
* ever, that as they recede from the focus, they again re- 
| new their ſplendor and colour, but in a contrary order, 
and the raviſhed eye again wanders from one pleaſure to 
another, | | | 

You will eafily underſtand how they came to be inverted, 
if you remember the two ſticks croſſed together, mentioned 
by Des Cartes, which you once believed to have a greater 
efficacy in explaining the phznomena of optics, than they 
really have, The appearance that the colours again make 
beyond the place where they were blended, demonſtrates 
that the rays loſe neither their colour nor quality, as ſome 
f might perhaps believe, but that the whiteneſs, which hap» 
= pens in the focus of the lens, is produced only by their 
mixture. 

I now underſtand, ſaid ſhe, what you meant yeſterday 
by ſaying, that the immutability of colours ſtill remains, 
even when rays of a different colour interſect and croſs 
each other; for if it were otherways, we ſhould not ſee 
the priſmatic colours re-appear beyond the place where the 
rays united, 
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This is the very experiment, anſwered I, upon which 
the immutability of colours was grounded; and all the 
experiments of Sir Iſaac Newton have this peculiar and ad- 
mirable quality, that each ſingle one is not contented with 
demonſtrating only one thing. as in the caſe of moſt others, 
but demonſtrates many more at the ſame time. This 


wo23 e. 


ariſes from the cloſf union, and almoſt geometrical con- 
nexion which the properties of light have between them- 
ſelves. | 

Sir Iſaac Newton's experiment, ſaid the Marchionels, 
ſeems to reſemble the battles of the antients, which often 
gained the victor a great number of provinces at a time. 
And thoſe of moſt other philoſophers, anſwered I, the 
battles of the moderns; the moſt noiſy preparations, the 
Moſt conſummate contrivance, and the blood of millions, 
amount to no more than the taking a place, which per- 
haps might have ſurrendered in two months by treaty. 

But to return to your experiment. I call it your's, be- 
cauſe though you did not invent it, you ſaw the neceſſity 
there was for its invention, in order to complete the ſy= 
Rem. Our philoſopher never quitted it till he had varied 
it a thouſand ways. 


It was neceflary to prevent ſome one of the coloured 


rays from paſſing through the lens, in order to ſee he- 
ther the whiteneſs of the little circular image would by 
that means be changed. 

This Sir Iſaac Newton did, and intercepted the paſſage, 
ſometimes of one colour and ſometimes of another; and 
the whiteneſs ceaſed, and degenerated into that colour 
which ariſes from the compoſition of thoſe colours which 
were not intercepted, but ſuffered to paſs through the 
lens. 

The want of any colour in the circular image, which is 
not ſuffered to paſs, will be very agreeably diſcovered by 
looking through a priſm, which reſolves the image into 
its component colours, by giving them a different refrac- 
tion. 


If all the rays be tranſmitted through the lens, the 
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image will be white; but viewed through a priſm, it will 
appear of all colours like the rainbow: if any ray be inter 
cepted, this by the priſm was diſcovered to be wanting in 
the image, till at laſt ſuffering only one colour to paſs 
through the lens, this one colour too was ſeen by the 
priſm. | | 

if all the colours were ſucceſſively intercepted by the 
teeth of a comb made to pals very ſwiftly over the lens, 
the circular image would remain white, and the different 
colours not be diſtinguiſhed, by reaſon of the quick im- 
preſſion which they all ſucceſſively make upon the eye. 

You may perhaps have obſerved, that when a light torch 
is moved nimbly round in a circle, the whole circle which 
it forms in the air, appears on fire; and the reaſon of this 
is, becauſe the ſenſation, which in the ſeveral places of 
that circle it raiſes in the eye, remains impreſſed till the 
torch returns again to the 1ame place, 

In the ſame manner, when the colours follow one anos 
ther with an extreme rapidity, the impreſſion of each of 
them remains in the eye, till a revolution of all the colours 
be completed. The impreſſions therefor of all the ſuc- 
ceffive colours are at once in the fame part of the eye, and 
jointly excite the ſenſation of whiteneſs there. 

The ſame was afterwards proved by a wheel, whoſe 
circle, painted with the ſeveral colours of the priſm, ap. 
peared white, when turned very rapidly round itſelf, 

I muſt confeſs, ſaid the Marchioneſs, that even if I 
could have found the experiment I ſought for, I ſhould 
never have been able to diverſify it io many different ways, 
though the inconſtancy which you, gentlemen, lay to our 
charge, might perhaps have given me no ſmall aſſiſtance. 
This inconſtancy, anſwered I, which perhaps is not fo 
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Jours. I have obſerved the fame phenomenon in the rain- 


as to contract it and blend the colours together, 
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great a defect as ſome believe, was not wanting in Sir 4 
Iſaac Newton. With the moſt fertile, and almoſt poetical 1 
imagination, he continually invented new experiments, 3F 
which, though different from each other, all concurred to 1 
prove the ſame thing They ſeemed to riſe under his 6 | 
hands as the poets make flowers ſpring under the feet of 1 
their beauties. 

The coloured image, formed by the priſm, becomes 
white, when viewed through another priſm, in ſuch a 3 
manner, that it contracts the image and mingles the co- I 


bow, which is the effect of a ſeparation of the ſolar rays in 
the drops of rain oppoſite to the ſun, It appears whites * 
when viewed through a priſm, turned in ſuch a manner, 


Theſe who live near the cataracts of rivers, ſee a rain- 2 
bow every day, when the {ky is clear, formed by the ſun 1 
in the daſhing of the water againſt the rocks; making peo- 3 
ple have the opportunity of ſeeing this experiment much A 
oftener than we can. 4 

I would, if poſſible, replied the Marchioneſs, have no- J de; 
thing to envy others. Though we have no cataracts, a the 


fountain will imitate the rain, preſent us with the colours J 
of the rainbow, and we may make our obſervations at 1 to 
pleaſure. We will call this fountain, if you think proper, i 
The fountain of optics. 7 th. 
Till your garden furnithes you with proofs of the New- * 


tonian ſyſtem, anſwered I, as the gallery did with objęcti- 4 ; 
ons againſt the Carteſian, you may return to the dark room: 
there you will ſee that the whiteneſs of a paper placed over let 
againſt the coloured image of the ſun, does not ſuffer any 
alteration, if it be placed in ſuch a manner as to partake |? a 
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ſequally of all the colours; whereas, if it approaches nearer 
to one than another, its whiteneſs will be tinged with that 
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colour which is next it. Is it poſſible now for truth to de- 

; ſcend from heaven with a more ſhining train of proofs? 

i was very confident, ſaid the Marchioneſs, to venture 
my thoughts upon a thing, which coſt Sir Iſaac Newton 
ſo much ſtudy. How is it poſſible I could ever have found 

cut the very leaſt of theſe experiments, as eaſy and ſimple 
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3 can ealily invent things that perhaps would have puzzled 
1 _ philoſopher. It is much more proper for you to know 
9 in what proportion to mix hope and fear, ſmiles and frowns, 
to prevent a lovers paſſion from growing languid, than 
; to be exactly acquainted what quantity of different colour- 
Led powders is neceſſary to be mixed together to form a 
hite. This is another experiment which our philoſopher 
; tried, that there might be nothing wanting to confirm his 
Sem. It is true, the white which ariſes from this com- 
poſition, is dufky, grey, and obſcure like the colour of 
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; © aſhes ; and the reaſon is, becauſe the colours of theſe pow- 


ders are too imperfect and faint, compared with thoſe of 'Y 

F the priſm, to make a lively clear white. | - 

I However if this mixture be expoſed to the ſun, in order 1 
Y to increaſe the force of the light, that dutky obſcure white f 
5 3; 


3 Vin become bright and clear, though it will never equal 


1 'Y © the ſtrength of the paper expoſed to the ſame light. 
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For this reaſon in coloured prints, one of the fineit in- 


YJ | ventions of our time, which, with only three colours, 

cer imitate all the variety of painting, the paper is 

left uncovered for ſtrong clears and whites, 

Water thickened with ſoap, and agitated fo as to raiſe 

2 a froth, is more proper to demonſtrate that a compoſition 
R | 


3 


_ DIA v. 


of colours produces white. After the froth is a little fl 
tled, there will appear upon the ſurfaces of the bubbles oils 2 
which it is compoſed, different colours, which when view Al. 
at a diſtance cannot be diſtinguiſhed from each other, and 
the whole froth will appear perfectly white. This experi-ſ 3 
ment has, beſide its being an agreeable one, this further S 
advantage, that it is very eaſy to make. 7 

Philoſophy, ſaid the Marchioneſs, from what I can diſ. 
cover of it, is like a game of cheſs, which upon any other L 
occaſion I ſhould make no ſcruple to call an ingenious pre- 


text to waſte time, The very laſt piece in the one, and ö 
the leaſt experiment in the other, is often of the highel I 
importance. A pawn, in the hand of a {kilful player, may 

give check mate, and a little froth will ſurnith Sir llaae . 
Newton with a wLole magazine of obſervations and diſ- 
coveries. Halt the world that preceded him had the ſame 
bubbles and froth before their eyes, without ſo much as 
ſeeing them. The antients themſelves would a thouſand | 
times have obſerved and neglected them. | I j 


The eyes of the antients, anſwered I, were much better F 
de 
able to judge of the elegance of a ſtatue or a temple, than F 
—5 | 
the importance of an experiment, Seneca was el # 

a N a 5 © If 
with a ſort of priſm, which, receiving the light of the ſun ; 
on one fide, diſplayed to the eye the colours of the rain- 
bow. All the explication which he gives of this phz- | | 
nomenon is, that there is really no colour, but only the | 

7% 


appearance of a falſe colour like that on the neck of a dove, 
which appears and diſ-appears according to the motion of 
the eye and the change of its ſituation. This fine expli- 
cation ſufficiently ſhews how very little the antients ſtudied 
nature and purſued her ſteps; for if Seneca had taken the 
teait trouble to examine his priſm, he muſt have ſeen the 
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erence between the colours produced by that, and thoſe 


Jon the neck of a dove. 


A particular ſort of microſcope known to this philoſopher, 


and which perhaps the antient artificers made uſe of in the 
curious ingraving of their intaglia's and cameo's, the e- 
Enigma and admiration of our time, this microſcope, I ſay, 
compoſed of a ball of glaſs filled with water, had no bet- 


ter fortune in his hands than the priſm, He aſcribed the 


magnifying of the objects viewed through this glaſs to a 


quality of the water, and not to the figure of the gla's 
which contained it. 


The weight and other properties of air were known to 
the antients; and in order to explain how water aſcends 


in a ſucking pump, which is occaſioned by this weight of 
che air, they had recourſe to a certain imaginary horror 
that nature has for a vacuum: So that rather than leave 


: | | £ the ſmalleſt ſpace empty, ſhe choſe to violate her own laws 
of gravity, and wake the water aſcend. And as one folly 
4 1 produces a thouſand more, the great horror that nature 
: 4 teſtified for a vacuum in this pump, extended only to a 
1 "8 certain height, and beyond this perhaps was changed into 
= love, for there ſhe admits as great a vacuum in the pump 
zs you could deſire. 
: But to quote ſtill more examples-— Nero in his golden 
palace, one of the moſt magnificent effects of deſpotic power 
i | in the univerſe, erected a temple of ſtone ſo very tranſpa- 
rent, that day-light entered into it even when the doors 
: were ſhut, Pliny who gives us this relation, inſtead of 
contenting himſelf with affirming that it was more tranſ- 
parent than Alabaſter, ſays, that it did not tranſmit the 


_: 


light like other pellucid ſubſtances, but included it within 
2 | 
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itſelf: if this had been the caſe, the temple muſt have ap 
peared much more luminous by night than by day. 


The antients were fonder of what raiſed their admiration 4 
than increaſed their knowlege; and perhaps thought ex · 5 
periments, which are the only method by which we can 
arrive to a true admiration of nature, were too immaterial 3 


to imploy the attention of a philoſopher, who ought to con- 


ſult nothing but reaſon, They never imagined theſe e 


periments would one day lead induſtrious poſterity to ſuch|? 


an exactneſs as to ſubject flame to the examination of I. 3 


bilance, which was antiently regarded as a light ſub 


ſtance, for whoſe ſake they invented a particular ſphere b 


oi fire where it was affirmed to aſcend. 


Nor could they foreſee that theſe experiments could help? 


us to calculate how much we daily loſe by a continual in- 1 
ſentible perſpiration, how many million tuns of water the 


Mediterranean ſea perſpires in a ſummer's day, how much 
a man decreaſes by the wearineſs of the muſcles from morn- 
ing to night? In ſhort, that they ſhould inable us to coun- 
terfeit nature herſelf; and by certain chymical mixtures 


emalate her Ætna and Veſuvio's, and imitate her thunder 


much better than their own raſh Salmoneus ? 


If an antienr had been aſked whether the phoſphorus of 


Bologna, for example, ſhines by its own light, or by a 
borrowed one, it is impoſſible to know how many ridicu- 
lous fancies they would have uttered by conſulting reaſon ; 
whereas a modern with a ſingle experiment has put the 
matter out of all queſtion, Pray, what 1s this phoſphorus, 
ſaid the Marchioneſs, this ſubje& of the abſurdities of the 
ancients and experiments of the moderns ? It is a certain 
tone, anſwered I, found in a mountain near Bologna, 
which, calcined with fire, acquires the property of ſhining 
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4 in the dark like a coal, if it has been expoſed a little while 
F- to the light of the ſun, or only to the open air, From 
this quality it has obtained the fine Greek name of pho/- 
; phorus, which fignifies a lucid body. This is an honour 
7 given almoſt to every thing appropriated to learned uſes. 
An etymologiſt could not perhaps give a better name to 
this place than that of Yοο h,, which in our language 
1 ſignifies the Lucid hill, and would thus conſecrate it fob 
J ever to philoſophy and learning. We are much obliged 
al to your ſcholar, faid ſhe, for conferring fo fine a name on 
| 1 this place which certainly deſerves it. 

Ihe queſtion, continued 1, is at preſent reduced to this, 
whether the Y%bhoruit only takes in and imbibes the light 
elp 3 to which it is expoſed, and from thence carried into the 
in- 3 dark, ſhines with a borrowed light? or whether the ex- 
he 3 ternal light puts its parts into ſuch an agitation as to kindle 
ch alight which it contains within itſelf, which by this means 
n- 'F looſed from its priſon, if I may uſe that expreſſion, emits 
n= | itſelf from the phoſphorus, which in this manner ſhines 
es by its own light? This laſt ſuppoſition is more honoura- 
er ble for it, and better agrees with the ſine name it bears. 


In order to decide this point, a modern philoſopher 
f | Z choſe a ſort of light which would ſhew whether the phoſ- 
a phorus, when expoſed to it, inbibed any of its rays, and 


by that means reveal the theft of this new Prometheus, 1 
already ſee, interrupted the Marchioneſs, how this mo- 
e dern proceeded, He placed the phoſphorus in one of the 


, colours of the priſmatic image, in order to ſee whether 
it would acquire the colour as well as the light: if it did 


[| actually take the colour, it is evident that it imbibes the 
* external light, and ſhines with a ſplendor not its own : but 

if it does not take the colour of the image, ſince colours 
R 3 
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are immutable and ſuffer no alteration, the light only 48 2 


rates its parts, and as you expreſs it, loſes its ſplendor ou n 
of priſon; and thus the phoſphorus ſhines not by a borrow-| 3 
ed luſtre but its own, and ought rather to be compared 


with the ſun himſelf, than Prometheus, 


It is too true, anſwered I, that fine ladies can be jul! 3 
what they pleaſe, You would be extremely in the wrong, 
if you hereafter complain of any want of ſagacity in phyſics, * 


What you have been deſcribing is the very method which 


the Bologneſe philoſopher took; and by this experiment“ 


he confirmed to his fellow-citizen the phoſphorus, tlie 
honour of ſhining by its own light. It is probable that 


the innumerable other phoſphori of the ſame nature, lately 4 
diſcovered in France, owed their luſtre to the ſame cauſe: Fe: 


theſe, by inriching philoſophy with new wonders, have 
deprived the Bologneſe of the honour of ſingularity, which 


it partook with only one other in the whole philoſophical I 


world. Donot diamonds, the moſt valuable phoſphorus 
of nature, ſhine in the dark, becauſe the external light 
kindles, and revives the internal light, of which they are 
arch and inexhauſtible treaſure ? 

You may judge, replied the Marchioneſs, of my very 
great ſagacity in philoſophical affairs, when I never ob- 
ſerved a phenomenon which I every day carry about me. 
Perhaps, Madam, anſwered 1, you were never in a place 
dark enough to make this obſervation, Signore Baccari 


4k, . 


one day viſited a lady in ſome indiſpoſition, who was reſt- 
ing behind a ſcreen far from the air, and in a place abſo- 
lately dark. The lady aſked him whether he had not a 
light in his hand ? which he denied; but the conſtantly 
inſiſting ſhe ſaw ſomething glitter, the doctor at laſt ſuſ- 
pected it to be his ring which ſhone in that * dark - 
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neſs, and perceived he had a long time, without knowing 
it, carried the phoſphorus upon his finger. You may 
judge of the value he afterwards ſet upon this ring. He 
made innumerable experiments with it about the time that 
Mr Du Fay, father of ſo many phoſphori, found that dia- 
monds had the ſame property. How empty and barren 
mult the philoſophy of the antients have been, ſaid the 
Marchioneſs, and how copious, how charming is ours, 
whoſe obſervations enhance even the value of diamonds ! 

I will give you ſtill greater evidence, anſwered I, how 
much the antients were to blame in their neglect of experi. 
ments, and you will be fully convinced that there 1s none 
even of thoſe which ſeem of leaſt importance, but what 
is of great ſervice to natural philoſophy, That froth we 
lately mentioned is an inſtance of this; for as little philo- 
ſophical as it may feem to vulgar eyes, it was the principal 
thing by which Sir Ifaac Newton found out the cauſe of 
thoſe various and almoſt innumerable colours which we 
ſee in bodies, 

He had diſcovered in general, that certain bodies appear 
of a certain colour, becauſe they reflect one ſort of rays 
more copiouſly than the reſt, and other bodies of different 


colour, becauſe they reflect a different ſort; ſo that if 


light conſiſted of only one ſort of rays, there could be on- 
ly one colour in the world, nor would it be poſſible by 
refractions and reflections to produce a new one, 

This diſcovery which would perhaps have ſatisfied any 


other philoſopher, ſerved only to excite the curioſity of 


ours, and was but a prelude to innumerable others. 

Why ſhould this ſilk reflect the blue more freely than 
any other ſort of rays? The reaſon is this. 

If one of thoſe bubbles which are formed by blowing 
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water a little thickened with ſoap, be covered with glaſs in 
order to prevent its being agitated by the air, it will ap- 
pear tinged with a great variety of colours, which ſpread 
themſelves like ſo many rings one within another, and in- 
compals the top of the bubble. And in proportion as the 
bubble grows thinner by the continual ſubſiding of the 
water, theſe rings ſlowly dilate and overſpread the whole, 
deſcending in order to the bottom of it, where they all af- 
ter wards ſucceſſively vaniſh, 


The variety of theſe colours depends on the unequal 


thickneſs of the bubble of water in different parts. But 


how to determine theſe inequalities is not ſo eaſy, and 
perhaps would have been impoſſible to any but Sir Iſaac 
Newton, who examined theſe rings a thouſand ways, 


guided by his conſtant tutor geometry, and a ſpirit of ob- 


ſervation, whoſe fertility ſeemed to increale i in proportion 
to the difficulties it encountered. | 

He diſcovered that a certain determinate thickneſs is ne- 
ceſſary in a plate of water, for example, in order for it to 
reflect a particular colour, and a different thickneſs to make 
it reflect any other colour, and in general, that a leſs 
thickneſs is neceſſary to reflect the molt refrangible rays, 


as violet and indigo, than thole which are leaſt refrangi- 


ble, as red and orange; all this is to be conſidered with 
regard to the ſubſtance of equal denſity. But when the 
denſity in one ſubſtance is leſs than in another, as the den- 
fity ot air compared with that of water, a greater thick- 
neſs will be neceſſary in the firit than in the lait, to reflect 
the ſame colour. 
After the ſame manner he defined che thickneſſes neceſ- 
fary for the tranſmiſſion of colours. From the analogy, or 
ſimilitude between the plates of ſubſtances Which he con- 
ſidered, and che particles of which bodies are compoled,, 
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he demonſtrated that their colours depend on nothing but 
the different thickneſſes and denſity in their particles» 
wlence it follows that ſome are more proper to reflect or 
tranſmit the rays of one colour, and others thoſe of a dif- 
ferent one. 

This analogy holds good in many inſtances. Thus the 
one and the other are tranſparent: the leaves of gold and 
the particles of many other bodies tranſmit one colour and 
reflect another, juſt as the bubbles of water which we have 
been mentioning: theſe rings appear of a various colour 
when viewed in different ſituations; the ſame happens in 
certain ſilks, in the fine web of the induſtrious ſpider, and 
as Taſſo ſweetly ſings, 


The feathers ſo, that tender, ſoft and plain } 

About the dove's ſmooth neck cloſs couched m—_ 

Do in one colour never long remain, 

But change their hue gainſt glimpſe of P hebus ſheene 

And now of rubies bright a vermeil chuin, 

Now make a carknet rich of emeralds green, 

Now mingle both, now alter, turn, and change 

To thouſand colours rich, pure, fair, and ſtrange. 
FalinFax's Taſſo. 


This appears very evident in thoſe powders that painters 
make uſe of; for when they are ground, that is, when their 
parts are ſubtiliſed, their colours change a little. Bodies 
may in ſome manner be regarded as ſtuffs, for their threads, 
every one in particular reflecting a particular ſort of rays, 
the whole ſtuff appears of that colour which is the reſult 
of all the rays reflected from the ſeveral threads of which 
the ſtuff is compoſed, 
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But what becomes of thoſe rays which are not reflected, 
ſaid the Marchioneſs? Can you give an account of them ? 
They are either tranſmitted, anſwered I, or ſtifled and 
extinguiſhed, and are thus loſt among the particles of bo- 
dies, A leaf, of gold placed between light and the eye, is 
tranſparent, and appears of a greeniſt blue; but a collec- 
tion of theſe leaves placed one upon another, loſes both 
colour and tranſparency, the rays which paſs through the 
firſt leaf being abſolutely extinguiſhed in paſſing EY 
through the reſt, 


White bodies, to continue our e are ſtuffs 


compoſed of threads which reflect all colours; black, on 


the contrary, abſorb and extinguiſh every ſort of ray within 
themſelves. For this reafon, black bodies heat much more 
eaſily than any other; and a black cap, ſuch as the Fn» 
gliſh ladies wear in St. James's park, would not at all agree 
with your walks in the Italian ſun. 

White bodies, as they reflect and drive every ſort of ray 
from them, heat with more difficulty than the others which 
imbibe and abſorb the rays, and neither tranſmit or re- 
fle& them. 

From the ſame cauſe ariſe the various colours which we 
diſcover in the air, The different denſity and thickneſs of 
the exhalations and vapours that rife from the ſea and 
earth, paints the heaven with varying ſplendors, when 
roſy-fingered Aurora opens the portals of the morning, 


and calls back mortals to their ſeveral labours, or when 


Veſper invites them to an agreeable repoſe; it is difficult 
however, to trace a cauſe by which the colours at the riſ- 
ing and ſetting of the ſun are almoſt all the ſame, and ſuc- 
ceed each other in a certain order. But this we certainly 
know, that the ſeveral colours of different perſons eyes 
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proceeds from the difference of texture in the iris, which 


is that coat in the eye that incompaſſes the pupil. | 

The variety of fibres in the iris kindles in ſome the im- 
perious look of a black eye, in others, the inſidious ſweets 
neſs of the blue. But it is not eaſy to aſſign a conſtant 
cauſe, why the northern nations ſhould generally have 
white hair and blue or gray eyes, and we of a warmer 
imagination, in a warmer climate, ſhould have our 
eyes as black as our hair. 

This ſyſtem, however, will give us the explication of a 


phænomenon which is perhaps inexplicable in any other, 


and will thus make us a compenſation for not being able 
to give a reaſon tor every thing in particular, | 

The phznomenon is this: two tranſparent liquors, the 

one red and the other blue, ceaſe to be tranſparent when 
we look through both at the ſame time. This phænomen- 
on which ſo greatly ſurpriſed the perſon who firſt obierv- 
ed it, is only a conſequence of the Newtonian doctrine. 
The one of theſe liquors tranſmits only red rays, and the 
other only blue. Hence it follows, that the rays, tranſmit» 
ted by the one, will be extinguiſhed and abſorbed by the 
other, and the eye which looks through each of them re- 
ceive none. And this phænomenon is one of thoſe whoſe 
explication becomes a demonſtration of the ſyſtem which 
is capable of explaining it. 

That opinion, ſaid the Marchioneſs, that blind people 
can diſtinguiſh colours by their feeling, now begins to ap- 
pear credible to me: or rather, is it not another ſyſtem? 
If our feeling was finer than it is at preſent, as fine as that 
of blind perſons perhaps is, could not we diſcover the co- 
lour of a body by feeling the different thickneſs of its par- 
ticles? And thus we ſhould effect by our immediate ſenſe, 
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what a Newtonian would by his calculations, if any one : 
ſhould acquaint him with the hidden texture of bodies. ; 

Your blind obſervers, anſwered I, might diſtinguiſh 
colours by their feeling, even in the Carteſian ſyſtem 
which you have now given up. For according to that, 
there mult be a difference in the particles of bodies of dif- 
ferent colours in order that the rays of light may be dif- 
ferently modified. A proof like this you perceive is too 
ambiguous to deſerve a place among thoſe we have already 
mentioned; and there is the ſame defect in what is ſaid 
of a ſingular kind of barometer, which the Chineſe make 
uſe of to form a judgment of the weather by. This ba- 
rometer is a ſtatue placed upon a mountain, which fore- 
tels the changes of the {ky and air, by varying its own 
colour. 

But had we not better ſeek for a phænomenon near- 
er ourielves in the nation of gallantry and politeneſs, 
which can be explained by the Englith ſyſtem alone? Why 
ſhould the belles of that happy country lay on more red 
when they appear in the boxes at an opera, than when 
they emhelliſh with their charms the agreeable walks of 
the Thuilleries ? | | 

You lead Sir Iſaac Newton's ſyſtem, ſaid the Marchio- k 
neſs, into places where you would have found it very diffi- 

cult to lead its author. Not if you, Madam, anſwered I, 
had been there, | | 

The light of a candle is not ſo white as that of the day; 
It has a yellowiſh caſt, and viewed through a priſm, yel- 
low appears the moſt ſhining colour in it. The leſs then 
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"i the Spaniſh wool is charged, or in other words, the more 
1 it reflects other rays beſides the red, the ſtronger will the 
"a x . . . . ba * 
1 yellow appear, which is the predominant colour in this 


— 
** — 
Os nan 2 * 


— 
— 


—— 
— 3 — — 
1 2 9 1 
<a * 1 
= «-* 


- 
. = 


* 4 2 3 2 <a nn WT . SOLOS 2 gs 23 8 KD 3 Cs Ds oh Es * als 
. pe . 


On Liar and Coloves. 


207 
fort of light; juſt as in a chamber where the light enters 
through coloured curtains, the objects in the chamber 
will the more eaſily take the colour of the curtains in pro- 
portion as their own colour is weak and fainr, This 1s 
evidently a reaſon why the quality of Spaniſh wool ſhould 
be augmented for the opera, that neither the cheeks of 
the ladies, nor the eyes of their admirers, may loſe any 
thing, but find the ſame advantages by the _— of the 
evening as by that of the day. 

In the Carteſian ſyſtem, this wiſe aw would be 
entirely uſeleſs; for if the Spaniſh wool can modify the 
light of the day, it would in the ſame manner modify 
that of the evening, be it of what colour it will, 

Muit it not be a mortification, ſaid the Marchioneſs, 
for the ladies of this happy climate, if they ever have time 
to conſider it, not to have a ſyſtem in their own country 
able to explain this phznomenon in their vermilion, but 
be obliged to call a foreign one from beyond fea to their 
aſſiſtance? So much the more glorious is it for this to ex- 


tend its empire over all nations, even ſo far as to give them 


leflons for the toilet, This 1s not the only one, anſwered 
1. If you would not have a blue appear green by candle- 
light, which might diſconcert the harmony of a ſuit of 
Cloaths, and cauſe innumerable chagrins, you muſt be 
careful to chuſe it very clear, otherwiſe the blue rays 
mixed with the yellow, which the ſilk would reflect in 
greater quantities by candle-light, might perhaps make it 
appear green. 

Theſe are the gordian knots of the optic ſcience, which 
this ſyſtem diſſolves without eluding the oracle. Theſe 
Phænomena, inexplicable to every other ſyſtem, are with. 


out difliculty explained in this. Every ambiguous expli- 


— . eber v. 
cation, every proof that has not the ſorce of demonſtrati. 
on, is entirely rejected by the Newtonian philoſophy. N 

An analogy, for inſtance, diſcovered between the pro- Z 
duction of colours and that of other things, which would | 


_ 4upply another ſyſtem with a proof, can ſerve only for or- 2 


nament and luxury to this, 

It has been lately diſcovered, that inſects, men, ani 
mals, and plants, inſtead of being continually re-produced 
by nature, only unfold themſelves from their reſpective 
plants or ſeeds, in which they are really contained, when- 
ever they find a proper diſpoſition for it; that is, both 
animals and plants wait for a proper repoſitory,” certain 
Juices, degrees of heat, and other things requiſite to un- 
fold them. In the like manner, colours are, not as 
was once believed, produced at every refraction, or re- 
flection, or ſome other ſimilar cauſe, but unfold themſelves, 
if I may uſe the expreſſion, from the boſom of light, which 
contains them within itſelf, whenever it is refracted by a 
priſm; or reflected from tae particles of bodies. And this 
method of their production ſeems much more agreeable to 
the univerſal laws and eſtabliſhed order of nature. 

After the ſame manner appears the colour of the rain- 
bow, the coloured circles ſometimes ſeen round the ſun 
and moon, and thoſe of a certain light, which is often 
ſeen towards the northern parts of heaven, and called Au- 
rora Borealis, 6 

Whatever riches and magnificence, replied the Marchi- 
oneſs, nature has diſplayed in ſo great a variety of colours, 
the ſeems to have obſerved ſome frugality in their produc, 
tion. At leaſt the Newtonian nature appears to me a bet- 
ter economiſt than the Carteſian, The firſt has ma 
light a magazine and referyoir of colours, which ſhe pro. 
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duced once for all, inſuſceptible of any alteration, only with 
a certain diſpofition that renders them capable of being 
ſeparated from each other, and ſhewing us by this ſepa- 
ration a colour, which, all united and mixed together, they 
could not do; whereas the Carteſian nature is every mo- 
ment obliged to give new rotations to her. globules, and 
at every refraction and every little circumſtance, conſider 
in what manner to vary them, This muſt be an infinite 


fatigue to her, and a very great application of thought. 


But theſe diſpoſitions, anſwered I, which the colours 
have to ſeparate themſelves, and which you ſo greatly 
admire, however convenient they may be to nature by ſpar- 
ing her ſo much trouble and thought, are ſometimes very 
inconvenient to us, 

Inconvenient | replied the Marchioneſs. Is it not to 
theſe we are indebted for the beautiful variety of the world? 
How tireſome and unpleaſant would it be for us to ſee in all 
objects a repetition of the ſame colour! You apprehend it, 
anſwered I, to be a great evil always to ſee the world in 
chiaro oſcuro, if I may uſe that expreſſion, and to be oblig- 
ed to be dreſſed always in the ſame colour, and what is 
worſe, in a colour like that of your own complexion, You 
may add, replied ſhe, the dread of * a topic of diſ- 
courſe ſo very pleaſing to ladies. 

All theſe misfortunes, anſwered J, and this terrible ad- 
dition of yours, would happen, if the rays had no diſpoſi- 


tion to ſeparate from each other, or if they were all of the 


ſame colour. The Cameleon and wrinkled faces would be 
conſiderable loſers too. Some of theſe, without the trouble 
of changing their ſkin, are diſcovered in the ſpace of 
twelve, or at moſt twenty four hours to change their co» 


| lours, 


: S 2 


MA» | 


- 220 D.1I A LL O0O&VFE i. ; 
Aſtronomers, on the other hand, would gain no ſmall ad- : 
vantage if the rays were inſeparable and of the fame co- 1 
lour. And what would not an aſtronomer ſacrifice to de- N 
termine the exact time of an eclipſe of Jupiter's ſatellites, Ll 
or to get a diſtin ſight of the ocultation of a ſtar by the 
moon? Theſe are a ſet of people whoſe looks are always I 
directed to heaven, and have very little regard to our earth 4 
any farther than ſhe is a planet, and upon that account Þ 
enters into the celeſtial ſyſtem. This is all they regard in 
her, and therefor would feel very little concern if the la- 3 tru 
dies of this planet were under an impoſſibility of changing 
every day the colour of their cloaths, or ſubje& to many fir 
other the like inconveniences, | © 
But what oppoſition, replied the Marchioneſs, can there 

be betwixt the ſeparability of the coloured rays and the 
obſervations of theſe gentlemen, to make them quarrel 
with us for the pleaſure we receive from this variety ? 
There is a great oppoſition betwixt them, anſwered I, and 
vou will be ſoon convinced of it, when I tell you that the 
"8 ſeparability of the rays is prejudicial to the perfection of 


1 teleſcopes, which aſtronomers regard as their very eyes. 
in 1 before poſitively affirmed that convex-glaſſes, of which 
A | teleſcopes are corapoſed, unite the rays, which, proceeding 
0 from a point, fall upon them into another point. But the 
truth is, I ſpoke rather with regard to what they ſhould 
do than what they really do. Vou ſeem, ſaid the Mar- 
| ö chioneſs, to have repreſented theſe glaſſes in the ſame light 
1 as tragic writers do their heroes; for theſe generally chuſe 
to feign them what they ought to be, rather than imitate 
4 | their characters ſuch as they really are, | 


It muſt be confeſſed, Madam, that I uſed a fort of poe- 
tic licence in telling you convex-glailes united the rays in- 
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: to a point, for it is not ſo truly a point as a little circle, 

f This circle, which is called the abberration of the light, pro- 
4 ceeds from two cauſes, the figure commonly given to the 
lens, and that diſpoſition which the rays of light have to 
1 ſeparate themſelves when they are refracted. But indeed 
the figure of the lens is but a very imall obſtacle when 
* 4 compared to that of the different refrangibility. All at- 


=y © tempts therefor to render teleſcopes more perfect by giving 
8 a new figure to the lens, ſo as to make it unite the rays 
_ truly in a point, would be in vain, 
8 4 In the golden age, of which the poets give us ſo many 
7 fine deſcriptions, when the rivers flowed with milk, and 
the oaks diſtilled the fragrant treaſure of the bee, when 
- the rams appeared in the meadows arrayed in native pur- 
; ple, and the lamb diſplayed its vived ſcarlet to the ſun, 


before the hand of art had taught the fleeces to imitate 
different dies: in theſe happy times, it is probable, the 
teleſcope would have given a more diſtinct view of the ob- 
jets of nature herſelf painted in their genuine and beau- 
teous colours, when the heart of man, animated with purer” 
paſſions, appeared without diſguiſe, and love had not yet- 
learned to ſigh by cuſtom or art, nor ever wept for any 
motive but joy. But in our iron age, in which both the 
paſſions and colours have degenerated from their original 
purity, whatever be the figure of the lens, the point where 
the blue or green rays unite, will always be different from 


that of the yellow and red; there muſt always be an ab- 
berration of the light; and that little circle will never be- 
come a point. This is a circumſtance very inconvenient 
for aſtronomers, whoſe affairs require that every thing 
ſhould be ſeen extremely diſtin& ; but this circle where the 
rays unite inſtead of the point where they ought to unite, 
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| or the different refrangibility, which is the cauſe of their 
| N uniting thus irregularly, is a great obſtacle to the obtain. 4 
1 ing the exactneſs which aſtronomers deſire. 1 

Theſe accurate gentlemen, ſaid ſhe, muſt have patiences 3 
and pray for the return of the golden age. In the mean. 1. 
time they muſt limit their deſires and wants as other rea. 
ſonable men do, and be contented with the different re. 
frangibility of the rays, inſtead of that very great diſtin&. 
neſs in objects which they deſire. It is not ooilible to have l 
all things at one time in this world. Is the knowlege of 
ſo many fine and ſurprifing properties of light ſo very ſmall Þ? 
an acquirement, that they cannot be ſatisfied without ſome 
thing more? Their deſires and their wants however are 
fo reaſonable, ſaid I, and have ſo great a connexion with 
thoſe of other people, that Sir Haac Newton has thought 
upon a method of ſatisfying them. With his own hand 
he ground glaſſes for teleſcopes of a new figure, in order 
to correct the deficiency of ordinary lenſes. Then was the 
time to have all, or hereafter hope for nothing, 

While his mind was imployed in this thought, a new 
ſcene of optics opened to his view, He diſcovered the dif- 
ferent refrangibility of the rays, laid afide the work he had 
begun, and invented a new teleſcope, in which a poliſhed 
mirror ſupplies the place of what in ordinary teleſcopes is 
called the object-glaſs, and which had the greateſt ſhare 
in the abberration of the light. 

1 myſelf have ſeen the firſt teleſcope of this ſort, a g 
by thoſe hands which had pointed to the planets their | 
road in the vaſt deſarts of a vacuum, and opened to geo- | 
metry the immenſe career of infinity, This inſtrument is 
preſerved in a city of England, where philoſophy and po- 
litenefs hold a mutual empire; with this are treaſured up 
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their 7 thoſe priſms which the firſt time differently refracted the 


tain. {3 rays of light in the hands of our great philoſopher, ſepa- 

4 rated its emeralds, hiacinths and rubies, and unfolded to 
nee 1 human eyes the celeſtial riches of the lucid robe of day. | 
Can. 5 In the reflection from a mirror, the rays are not ſeparated A 
rea. 2 as they are in being refracted through a lens, conſequently 1 
re. J the objects may be much more diſtinctly ſeen, 
ct. It has been tried in Italy, for even among us truth and i 
ave Þ : Sir Iſaac Newton have their admirers, that if a diſtant ob- : 
of je, the one half red and the other blue, be viewed with | 
al an ordinary teleſcope, this inſtrument muſt be conſiderably , 
Me : ſhortened to give a diſtinct fight of the blue half, and on ; 
ire the contrary mult be lengthened to ſhew the red diſtinctly; | 
th 3 whereas in Sir Iſaac Newton's teleſcope they appear equally | 
ht 4 diſtinct with the ſame length. ; 
d 1 This reflecting teleſcope has beſides another advantage ö 
r over the ordinary ones; for one of Sir Iſaac's invention, one b 


foot long, is equivalent to one of twelve in the common 
ſort; and one of forty foot to a hundred. And this is ano- 
ther convenience to aſtronomers who find * . 
in managing long teleſcopes. 
It is well for us, replied the Marchioneſs, that theſe a- 
ſtronomers will be now contented, for it ſeemed before a 
pretty difficult matter to pleaſe them, How is it poſſible, þ 
anſwered I, for them nat to be ſatisfied with Sir Iſaac 4 
Newton, who ſeems in every thing to have ftudied their 
| advantage? 
| His ſyſtem of optics, beſides procuring them a more 
| convenient and perfect teleſcope, has vindicated the honour 
of aſtronomy from an aſperſion, which ſeemed in ſome 
meaſure to diſgrace it in the eyes of the world. You are 
not ignorant that the honour of this ſcience among men f 
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conſiſts principally in its exact prediction of eclipſes and 
events, no leſs obſervable to philoſophical than to vulgar 
eyes. Thales of Miletus was reverenced among the Greeks 
like a god for having predicted the year in which an ec- 
lipſe of the ſun was to happen, that is, when the moon 
would be interpoſed betwixt us and the ſun, and by that 
means deprive us of his light. 

As aſtronomy ſucceſſively became more perfect, what 
would have cauſed a temple to be erected to a Thales, 
would only diſgrace a Halley, Caſſini, or a Manfredi. 

The obſervatory 1s required to ſhew the preciſe minute 
m which the eclipſe will happen, and its exact quantity, or 


in'other words, whether the moon will obſcure the whole- 
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1 ſun or only a part, and how much preciſely the obſcured 

1 | part will be, | 
| if Not long ſince all the calculations of the moſt celebrated. 
"I aſtronomers had predicted two total eclipſes, whoſe prin- 
by, | cipal merit conſiſts in not being very common, and in in- 
| troducing a ſudden and unſeaſonable mght, An event, 


which though foretold and expected, never fails to terrify- 
that whimſical ſpecies of animals called men, that azy/umz 
of the ſtrongeſt contradictions, nouriſhed by long hopes, 
impetuous paſſions, the moſt evident truth and the moſt 
palpable error, capable of making attempts beyond the. 
powers of his nature, and ſubject to fears which his reaſon. 
contradicts. 

All the philoſophers got up very early on the days ap- 
pointed for this ſpectacle, in order to prepare themſelves 
for obſervation. They all waited in the midſt of the ec- 
Epſe to ſee the light of the ſun entirely extinguiſhed, and 
a moſt gloomy and profound night emerge trom the ſplen- 

dor of a fine day, But the event was contrary to their 
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expectations. There remained round the moon a lumin- 
ous ring which made ſome falſly take them for annular ec- 
lipſes. When the ſun is neareſt to the earth, and the 
moon at the greateſt poſſible diſtance, if there happens in 
theſe circumſtances a central eclipſe, as they call it, the 
moon cannot hide all the ſun, but there remains all round 
its edge a luminous border reſembling a ring, But aſtro- 
nomers gained nothing by this explication, which was of 
no ſignification in the preſent caſe, and the world was but 
ill ſatisfied with aſtronomy which is now believed an im- 
poſtor. The one murmured and were diſcontented, white 
the other racked their brains to find the reaſon of this ring, 
which had the confidence to appear in ipite of all their 
calculations. | 

Some laid the fault upon a luminous atmoſphere chien 
incompaſſes the ſun, as our air does the earth, and be- 
came viſible when the greater light was obſcured; others 
accuſed the atmoſphere of the moon, which, being illumi- 
nated at the time of the eclipſe, appeared like a lucid ring. 
But unhappily for them the firſt was innocent, and the 
ſecond ſeemed ſo doubtful, that it might appear rather à 
mark of their conſternation,” than an OY of the 
phznomenon, 

I find myſelf greatly affected with concern, ſaid the 
Marchioneſs, for theſe unfortunate aſtronomers, abandoned 
by heaven and carth, and in the utmoſt danger of loſing 
their reputation, It is however the office of humanity to 
| have compaſſion on the afflicted, They muſt have recourſe, 
j anſwered I, to the Newtonian oracles if they would ſilence 

the voice of calumny, Theſe were the anchor of hope in 
the preſent calamitous ſtate of affairs. 
When the rays of light paſs near the extremity of a bo- 
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dy, they bend and incline towards the body itſelf, and 
are thrown into its ſhadow, If the edge of a knife be 
placed in a ray of light in a dark chamber, the rays, which 
P is at ſome diſtance from it, appear to bend and approach 
nearer its back. Grimaldo was the firſt who obſerved this 


quality, which is called the di raction or inflection of light, 


and our philoſopher afterwards illuſtrated it with many 
new experiments; and though he did ng a great deal, de- 
Fred to do {ill more. 

The ſolar rays, which paſs near the edges of the moon, 
muſt bend and caſt themſelves into the ſhadow of the moon 
Herſelf. Obſervers then, who in the time of an eclipſe 


are immerſed in this ſhadow, muſt receive theſe rays bent 


from the edges of the moon, and ſee a luminous ring 
round her, a ſort of twilight, reſembling that which we 
Jee in the evening, and ſometimes in the morning, at the 
Horizon, The only difference between our twilight and 
this ring is, that the firſt is occaſioned by the refraction 
which the light ſuffers in coming from the celeſtial ſpaces 
into our air, and the ſecond by the difradtion which it 
undergoes in paſſing near the moon: but both are com- 


poſed of rays which do not ſeem deſtined by nature for 


that purpoſe. 
To give a ſtronger confirmation that this is the true 
reaſon of this ring, there have been made ſeveral globes of 
artificial moons, which expoſed to the ſun and full moon, 
have ſhown upon earth the effects of that diffraction which 
had appeared ſo fatal to aſtronomy in heaven. 
Aſtronomers, replied the Marchioneſs, have certainly 
great reaſon to be ſatisfied with Sir Iſaac Newton and his 
diffraftion, which has delivered them from ſuch eminent 
danger. But I muſt confeſs myſelf to be yet thoroughly 
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diſcontented with it. Will you permit me to aſk, why 
thoſe rays, which paſs at ſome diſtance from bodies, muſt 
be inflected and bent? The idea which this new property 
of light preſents me with, is ſo very ſtrange that I cannot 
conceive it. I find, anſwered I, you are more difficult to 
ſatisfy than the aſtronomers themſelves. You deſire to 
know the cauſe of this di Fraction. Well, I will inform 
you, but you mult promiſe not to draw back and frown 
when U tell you it is the attraction which bodies exerciſe u- 
pon light. The attraction! ſaid the Marchioneſs, with an 
air of ſurprize, You ſay this either to laugh at my credu- 
lity, or puniſh my too preſumptuous curioſity. What! do 
bodies attract the light as a loadſtone does iron? What ill 
conſequences would ariſe ſuppoſing it were ſo, anſwered 
I ? or rather how great an advantage has the ſcience of op- 
tics in particular gained from this attraction between light 
and bodies, as all natural philoſophy in general has from 
the univerſal attraction of matter, of which that between 
bodies and light is a conſequence ? 5 

Attraction is the key of all philoſophy, the great ſpring 
that actuates the frame of nature; the univerſal and mys 
ſterious force diſcovered and calculated by Sir Iſaac News- 
ton, propoſed to the examination of philoſophers by the 
great lord Bacon, and obſcurely ſung by the Britiſh Homer, 

The Marchioneſs recollected herſelf, and looked very 
attentively in my face to ſee whether I ſpoke in earneſt, 
Do you tell me ſeriouſly, ſhe replied, that all bodies are 
attracted ? This is quite a new world to me where I am 
an utter ſtranger and foreigner, Do not be diſcouraged, 
laid 1, for this has happened to many profeſſed philoſo- 
phers who have exclaimed againſt this attraction, affirm. 
ing, that to admit it is introducing into philoſophy certain 
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ſuch as ſimpathy, antipathy and the like, whoſe numbers 
multiplied with the phznomena themſelves, by the aſſiſt- 
ance of which, they in an inſtant explained, or rather per- 
plexed every thing. 

They farther add, that it is recalling thoſe occult qua. 
lities from thoſe colleges of Europe, where ignorance {till 
affords them aſylum, to introduce them into true philoſo. 
phy, from whence they for the happineſs of mankind had 
been baniſhed by the authority of reaſon, 

But all theſe objections ſignify nothing, for attraction is 
ſo far from being an occult, that it is an extremely evident 
quality of matter, on which clearly depends the explication 
of diſfraction, refraction itſelf and innumerable other things. 
It is not a name without reality, invented to explain two 
or three appearances, but a general principle diffuſed 
through all nature, and extends from the ſmalleſt grain 
of ſand to the greateſt planet, The Peripatetics reſembled 


thoſe antients, who for every little river or tree, nay even 


for the fever or the cholic, created a new deity. But Sir 
Iſaac Newton, when he affirms, that light in paſſing 
near the extremity of bodies is attracted by them, does 
not pretend by that to give a complete explication of 
diffraftion ; all he undertakes is only to point out that 
property of matter on which the explication of difraction 


depends, but the cauſe of this property is to ſeek. This 
he commits to thoſe philoſophers who have ſuperfluous 


time enough to throw away in ſearch of a thing which 
appears above the reach of human faculties. In ſhort, 
all that Sir Iſaac Newton attempts is to eſtabliſh facts, and 
the general properties of matter, and from theſe geome- 


tically to deduce phænomena and effects; and this is the 


* _ 


On LrcnT and CoLOUR'S. 219 
: order we have hitherto obſerved in our diſcourſe upon light 
and colours. 
| This new property, replied the Marchioneſs, is of a na- 
ture which my thoughts cannot ſo eaſily come into. This 
; is one of thoſe hiſtorical facts of which it is impoſſible to 
N get a perfect intelligence without entering into the cabinet. 
J underſtand, or think I underſtand, how the rays of 
| light are differently refrangible. This, among many o- 
ther things, is very intelligible. But that bodies ſhould 
attract the light, and that at a certain diſtance too, and 
in general that every thing ſhould be mutually attracted, 
ſeems to me very difficult to conceive, 

Some remains of Carteſianiſm, anfwered I, which you 
are not yet entirely free from, deceives you in this point, 
Perhaps you have hitherto flattered yourſelf that refraction 
ariſes from ſome one of thoſe cauſes which in treating u- 
pon the Carteſian ſyſtem were rendered fo familiar to you, 
and upon this account you think refraction more intelligi- 
ble than diffradtiom, Sir Iſaac Newton himſelf appears in 
ſome places to have indulged the prejudices of this ſect. 
In order to ſpeak the language then current in philoſophy, 
he ſaid, that attraction perhaps might be the impulſe of a 
ſubtile matter proceeding from bodies. But in fact, after 
he had proved the heavens to be empty, and the celeſtial 
bodies mutually attracted in thoſe vaſt ſpaces, what room 

did there remain for the impulſe and ſubtile matter? He 

ſeems to reſemble certain authors, who, co make their 

hiſtory agreeable to any particular nation, are ſometimes 

obliged to interſperſe it with fabulous epiſodes, and give 

it the air of a romance, Is it not a great reproach upon 

Mankind, that even the truths of Sir Iſaac Newton were 
T 
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obliged to uſe ſome little artifice | in order to meet with! had never 
reception among them? for you t 


Is not this rather an artifice of yours, interrupted thÞ ſion and 
Marchioneſs, to ſurprize me by a motive of honour, and | qualities 
in this manner make me believe that 1 have no better con. : is obſer" 
ception of the ſubtile matter than of attractions, or hoy matter, 
bodies ſhould be endowed with motion, for example, thaa a We are 
with that which you rightly term a y/terious force ? 5 

Your illuſion, anſwered I, proceeds from hence, that | 
you are familiarized to one idea and not to the other. You | 
every day ſee bodies move and mutually communicate their ; 
motion, but you have never ſeen them attract each other, 
You are furprized at attraction, while motion appears to 
have no difficulty. In this you differ from philoſophers, 
who, like poets, for the ſolution of any difficult point art 
obliged to have recourle to the divinity for the explications 
both of motion and its communication, 

A Portugueſe accuſtomed to reverence ſpectacles upon 
the noſe of the graveſt perſons, as a mark of the graveſt 
dignity, would probably be ſurprized to ſee a Chineſe 
mandarin let his nails grow to an enormous length for the 
very ſame reaſon, And the cauſe of his being ſurprized 
in one caſe and not in the other is, that a long habit has 
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connected in his mind the two ideas of honour and ſpecta- ; ſe 
cles which have nothing in common with each other, but | . 
has not connected thoſe of honour and long nails. I ſhall 1 
at leaſt deſerve more compaſſion than the Portugueſe, re- e 
Plied the Marchionets, becauſe the ſurprize of ſeeing mat- 3 


ter united to attraction inſtead ot motion will, I believe, be 


common to all countries. 
As univerſal and excuſable as this ſurprize may be, 1 
anſwered, it mult however at laſt ſubmit to reaſon, If you 
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ad never ſeen bodies move, it would have been impoflible 
| for you to gueſs how motion would be joined with exten- 
4 ſion and mutual impenetrability, whlch would be all the 
qualities you would then have been acquainted with. It 
is obſervation which has made you admit this property in 
matter, and obſervation muſt make you allow attraction. 
We are as yet but children in this vaſt univerſe, and are 
very far from having a complete idea of matter; we are 
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utterly unable to pronounce what properties are agreeable 
to it, and what are not. We ſee bodies in very near the 
ſame manner as a perſon who ſhould receive his ſenſes by 
little and little, It would certainly be great temerity in 
him to affirm that there cannot be a property in matter 
capable of moving the eye, and ſhould aſſign as a reaſon 
for this aſſertion, that he had never been able to obſerve 
any fuch property. 

This perſon would not act like the Carteſians who form 
a world and a man juſt as their own caprice directed them; 
he would grow more cautious in limiting the power of na- 
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as he ſhould acquire new ſenſes, which would every day 
furniſh him with treſh diſcoveries of theſe things. 

Philoſophers may be ſaid in ſome degree to acquire new 
ſenſes, or rather thoſe they before had become every day 
more refined, and are by that means in a capacity of per= 
ceiving what perhaps they had once no idea of. Hence it 
evidently follows, how very cautiouſly they ought to pro · 
ceed in aſſigning the number of properties in matter. It 
ſignifies nothing to ſay that ſome are more intelligible than 
others, for to ſpeak REY they are all equally my- 
ſterious to us. 


Will you any longer make a difficulty, Madam, to ade 
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ture and pronouncing the qualities of bodies, in proportion 
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mit attraction as a property of matter when it is proved ſo 
many ways, and principally by the heavenly phænomena, 
which give the moſt ſhining teſtimony to a thing that you 
yourſelf ſo evidently demonſtrate the truth of? I aſſure 
you for my part I ſhall never look for any farther demon- 
ſtration of it than what you afford. ; 
But I, replied the Marchioneſs, ſhall not be ſo eaſily ſa - Ati 
tisfied, for. IJ have need of the daily. atteſtation of all hea» | tic 
ven itſelf to convince me of a thing which yet appears ſo 
ſtrange and ſurpriſing. It is abſolutely needful then, con» 
tinued I, to give you a full conviction of it. And indeed 


it would be doing a great injury both to Sir Iſaae Newton 1 
and yourſelf, to endeavour to make you believe a thing 

without giving you good reaſons, I am ſorry this ſyſtem afte! 
cannot be explained to you with all the force of thoſe de - my 
monſtrations and calculations which accompany it; with- r 
out theſe you muſt certainly loſe a great deal. I will have DFO 
patience, ſaid ſhe, if. I cannot ſee it in all that luſtre in 
which it would appear to a mathematician, and will ad ſur 
like thoſe. virtuoſi, who, when they cannot get a picture, the 
content themſelves with the copy of it. Lflatter myſelf, be 
you will render it as like the original as poflible, It is at 9 
preſent too late, I replied, for this expedition. To- mor- | f 


row we will aſcend into heaven, and from thence bring 
attraction down in triumph to earth. Some aſtronomical I 
facts and propoſitions in geometry, which you may ſafely t 
believe upon the word of Sir Iſaac Newton, ſhall ſerve for 
a hippogryph, or flying car, to tranſport us to the ſkies, 
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E xpofition of the NE w TONIAN un iverſal principle of 
Attraction, and application of this principle to Op- 
tics. | 


CONCLUSION 


A HE next morning, the Marchioneſs no leſs impati- 

ent for attraction than ſhe had been for all the reſt, 

after a few ſhort compliments, began, It is now time to 

mount our hippogryph, and give him the reins, He will 

not grow weary, anſwered I, for a little journey, if I can 
remember certain horrible numbers, 

All the planets revolve at various diſtances round the 
ſun, who is almoſt nine hundred thouſand times bigger 
than the earth, and forms a centre of their motion, while 
he remains in the tranquillity of a majeſtic repoſe. Neareſt 
the ſun, at a diſtance however of thirty two millions of 
Engliſh miles, is the little world of Mercury; then follows 
the lucid orb of Venus fifty nine millions diſtant; then our 
Earth eighty one; Mars, at one hundred and twenty three; 
the enormous bulk of Jupiter four hundred and twenty 
four; and the vaſt and ſlow - moving Saturn, ſeven hundred 
and ſeventy ſeven millions of miles. . 

Theſe all preſerve this natural order in their motions, 
that thoſe neareſt the ſun complete their revolution or or- 
bit in a ſhorter time, and the moſt diſtant in a longer: 
thus Mercury finiſhes his revolution in eighty eight days, 


Venus in two hundred and twenty four and ſome hours, 
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the Earth, as you already know, in a year, Mars in about 
two years, Jupiter in almoſt twelve, and Saturn in about 
twenty nine years and a half. 

There is ſo great a dependance and relation between the 
periodical revolutions of the planets and their diftances 
from the ſun, that if we know the diſtances of any two, of 
the Earth and Jupiter for inſtance, and the periodical time 
of one, ſuppoſe of the earth, by a certain rule we may 
find the periodical time of the other, 

I ſhould have a much clearer idea of your meaning, 
ſaid the Marchioneſs, if 1 had firſt read Fontenelle's plura- 
lity of worlds to convince me of the motion and agility of 
the earth, As you are now fo great a proficient in philo- 
ſophy, I replied, you muſt ſeek the true rao of 
this motion in England. 

There have been obſerved certain appearances. in the 
ſtars which ſome, imagined to be conſequences of this mo- 
tion; but others who examined them more ſtrictly, have dif. 
covered theſe appearances to be contrary to the laws of 
ſuch a motion. The motion of light which is a conſider- 
able time in coming from the ſtars to us muſt ſtrangely 
vary their appearances, and ought to be conſidered in con- 

junction with the earth's motion round the ſun, in order 
to give a right deciſion of the queſtion. 

The ſagacity of the Engliſh philoſophers has in fact u- 
nited theſe two motions, and by this means they explain 
theſe ſurpriſing and various appearances which in any o- 
ther ſyſtem are abſolutely inexplicable. And thus we have 

attained to the certainty of a thing proved a thouſand 
ways, but never ſtrictly demonſtrated by any. 
The five planets, in whoſe number we may ſafely replace 
our earth, are called primary, to diſtinguiſh them from 
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doubled likewiſe, and ſo on. This law which the primary 
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other ſubaltern planets which revolve round a primary, as 
the moon does round our earth, the four ſatellites of Ju- 
piter round that planet, and five round Saturn; and theſe 
ſabalterns are called ſecondarien. Theſe laſt agree with 
their primaries in obſerving this order, that the neareſt 
complete their orbit in a leſs, and the moſt diſtant in a 
greater time; and they keep this law with the ſame exact- 
neſs and the ſame relation as their primaries do. 
Another law in which the primary and ſecondary pla- 
nets agree is, that they do not deſcribe equal parts of or- 


bits in equal times, but ſuch parts of orbits, as to make their 


areas equal. That you may better underſtand this other 


law of their motion, you are to ſuppoſe that the orbit of a 
primary planet is very near a circle which the ſun is not 


placed directly in the centre of, but a little on one ſide. 
Imagine a line to be drawn from that point of the orbit 


where the planet now is, to the ſun, and another line to 


be drawn from that point where the planet will be twenty 


four hours hence. The ſpace contained betwixt the two 


lines drawn to the ſun, and that part of the orbit which 
the planet has deſcribed in. twenty four hours, is called 
the Area, and will be equal to ſuch another area that the 
planet will deſcribe in twenty four hours more; and thus 
in equal times the areas will be always equal, 

The areas then, as aſtronomers expreſs it, are proporti: 
onal to the times, Thus, if inſtead of twenty four. hours we 
put twelve, which is one half, an area deſcribed in thoſe 
twelve hours will be only one half of the area deſcribed in 


the 24; and ſo, if we take a third or fourth part, will be 


the third or fourth of thoſe deſcribed in the firſt time; - and 
it that time be doubled, the area deſcribed in it will be 
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planets obſerve with regard to the ſun, the ſecondary 


planets obſerve with regard to the primary, round which 


they revolve; and this primary is the ſame to its ſatel- 


lites as the ſun is to the planets of the firſt order. 

I am extremely pleaſed, ſaid the Marchioneſs, with the 
agreement between theſe two ſorts of planets, I regard 
the ſun as monarch of the immenſe planetary realm, in 
which the primary planets are-the grandees and nobles ; 
ſome of theſe poſſeſs certain diſtricts where they exerciſe the 
ſame juriſdiction in little which their ſovereign does in 


great. but all ſhew their dependance by revolving round 


him alone. 

Our Earth is in po c of a little province, where ſhe 
exacts obedience from the moon; and though ſhe cannot 
vie with Jupiter or Saturn who have a great number of 
dependants, ſhe is certainly ſuperior to Mars, Mercury 
and Venus, who have none, 

Your ſimilitude, anſwered I, would be juſter in the 
Carteſian ſyſtem of vortices where theſe juriſdidictions ſeem 
very well eſtabliſhed; and it would be the more ſo, be- 
cauſe, this philoſophical poetry is fond of imbelliſhing it. 


ſelf with compariſons and fimiles, and ſometimes makes 


them even ſerve for reaſons. But the two laws I have 
mentioned to you, will not ſuffer it, Indeed it is pity we 
are obliged to abandon theſe vortices, that preſent the 
mind with fo clear, fo natural and fimple an idea. The 
Planets, ſay the Carteſians, revolve round the ſun, becauſe 
a certain fluid in which they are immerſed turns round 
too, and carries them with it like little ſkiffs forced along 


by the current of a river. The ſecondary planets revolve 


round their primaries for the ſame reaſon, 
Nothing ſeems to be more evident than this. But the 
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barelyturning round, but will do it by certain inviolable 


poſe, that one of their moſt illuſtrious defenders confeſſes, 


concile myſelf to the idea of a poem in philoſophy. What 


moſt declared enemies in all heaven to their vortices, will 
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misfortnne is that theſe planets are not contented with 


laws that entirely deſtroy all theſe imaginary ſyſtems. 
Either theſe two laws cannot agree with the vortices, 
or agree ſo ill, notwithſtanding all the efforts to that pur- 


after all he has done in their ſupport, he doubted whether 


thoſe who refuſe to admit them would not be confirmed 
in their opinion by the very manner in which he has en- 


deavoured to defeat it. Beſides theſe vortices are preſſed 
by ſo many other inſuperable difficulties, that heaven itſelf 
ſeems. to have conſpired in the deſtruction of this fine 
poem. 

Far be it from us, replied the Marchioneſs, to oppoſe 
the decrees of heaven. On the other hand, I cannot re- 
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is this philoſophical poetry to which I cannot aſſign a place 
in my thoughts? It ought to content itſelf with influenc- 
ing the paſſions of men, but it has nothing to do with the 
ſingle paſſion of philoſophers, which is truth. 

The Newtonian principles, anſwered I, have inſpired 
you with very rigid ſentiments. But this poetry, that 
thinks itſelf too much limited in the vaſt. field of human 
Paſhons, ſhall give you no farther trouble. Comets, the 


22 


— 
r eee 
* * — 


— — * — — Bog — 8 
a 
. 


I believe be ſufficient to overthrow it, for they © ſeem to be 
made expreſly for the deſtruction of ſyſtems. 

It has been eſtabliſhed, by virtue of I know not what, 
but however the philoſophers have very readily believed, 
that the matter of the heavens was incorruptible, and that 
every thing flouriſhed in a perpetual youth, inſuſceptible 
of the changes and viciſſitudes which happen here below, 
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The comets appear at laſt almoſt naked, but in their aps. 
proach to the ſun are clothed with -a ſormidable tail, of 
which they gradually diveſt themſelves as they recide from 
him, and fo return back naked as they came. And in this 
manner is the ſyſtem of the incorroptibility of the heavenly 
regions, in great danger of being overthrown by theſe im- 
pertinent comets, And this perhaps is the reaſon why 
they were degraded from their celeſtial ſeat as worthleſs 
meteors formed by the vapours and exhalations of our 
lower world. But they would not remain long there; 
for beſides many ancient philoſophers who conſidered them 
not as one of the tranſient, but durable works of nature, 
the aſtronomers who mult have their ſhare in a thing above 
us, aſſure us, that they are very diſtant from the earth, 

and ſome of them farther off than the ſun himſelf. Theſe 
comèts, faid the Marchioneſs, are very bad omens to ſy- 
Theſe were not all the 
troubles, faid I, which they gave philoſophers. When 
they were placed among the celeſtial bodies, they could 
Not agree with that ſolidity which had been granted to 
che heavens upon the word of Ariſtotle; in order therefor 


to abide their demoliſhing and breaking to pieces the whole 


univerſe in their pailage through theſe Ariſtotelian heavens, 
it was neceſſary to reſolve upon making theſe laſt fluid. 

When the heavens were thus made fluid, they became 
vortices, againſt which theſe factious comets renewed their 
enmity with more violence than ever, to deſtroy an agree- 
able imagination received by the world with ſo much ap- 
plauſe, and which was defective in nothing but truth. 

some comets have made no difficulty to croſs the orbits 
of all the planets, proceeding almoſt directly from the fu- 


perior part of the vortex to the ſun; others have moved in 
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out meeting, either in the firſt or ſecond caſe, any reſiſtance 


in their motion, Which muſt neceſſarily have happened, if 


there was a certain matter that whirled round the ſun, 
and this at ſeveral diſtances from him with the ſame rapi- 
dity as the planets ſuppoſed to ſwim in thoſe vortices. 
Their motion would have been ſo weakened, that turning 
round the ſame way as the planets do, they would ſoon 
have yielded to che irreſiſtible force of the vortices, not un- 
like the unfortunate barks, which, guided by an unſkilful 
pilot or a malignant ſtar, are ſhip-wrecked in the horrible 
cataracts of the Chineſe rivers, notwithſtanding all the 
ſtruggling they can make to the contrary. 

In ſhort, theſe comets have in every inſtance acted di- 
realy. oppoſite to the laws of vortices. So that to reſcue 
them from the continual injnries they receive from theſe 
implacable enemies which lay hold on every occalion to 
commit all ſort of hoſtility and impertinence, I ſee no 
other remedy than to deſtroy and baniſh theſe unhappy 
fluids for ever from the ſyſtem of the world. | 

Your expedient, replied the Marchioneſs, is no leſs vio- 
lent than that ſometimes uſed in war, when one party de- 
{troy and ruin a country which they cannot defend againſt 
the enemy, And thus they make the ſame ſacrifice to their 
weakneſs as you do to truth. This is a ſacrifice at which 
cannot be diſpleaſed, eſpecially as it puts me into a better 
capacity of liſtening with more tranquillity to the new prin- 
ciple upon which the celeſtial ſyſtem is built. 

Sir Iſaac Newton, continued I, founded his ſcheme i in 
geometry, which we may call his native country. He 
began with demonſtrating, that if a body in motion is at- 
tracted towards: a point either moveable or immorcable, it 
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will deſcribe about this point equal areas in equal times, 
and in general, that the areas will be proportional to the 
times; and on the contrary, if a body deſcribes round a 
moveable or immoveable point areas proportional to the 
times, it will be attracted towards that point, that is, the 
body will have ſuch a'tendency towards the point, that i 
every other motion which impells it a different way ſhoulc 
ceaſe, the body would directly unite itſelf to that point, 
Juſt as bodies here below, when left to themſelves, fall 
directly upon the earth. | 
This principle, interrupted the Marchioneſs, is equally 
applicable both to the primary and ſecundary planets: 
Each of theſe deſcribe areas proportional to the times, 
round the point about which they turn, if the ſun, our 
earth, and Jupiter, may be termed points. The primary 
Planets then are attracted by the ſun, and the ſecondary 
by their reſpective primaries about which they revolve, 
Is not this a neceſſary conſequence ? It 1s without diſpute 
abſolutely neceſſary, anſwered I, But remember, Madam, 
this is a deduction of your own, The puniſhment is juſt» 
fince you have made ſo much difficulty to admit the prin- 
.ciple of attraction. 
You ſay then that there is a force in the ſun which at- 
tracts the planets to him, and after the ſame manner, a 
force in the planets that attracts the ſatellities; and this at- 
tractive force joined with another by which they all move 
from welt to eaſt, is the reaſon why the firſt revolve round 
the ſun, and the others round their primaries, in a certain 
order. | 
The antients, in order to explain this difficult phæno- 
mena, built ſolid heavens, and created intelligences to put 
chem in motion; on the other hand, Des Cartes had em- 
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| barraſſed the whole univerſe with the great and magnik:- 


cent apparatus of his vortices. But after all, the motion of 
the heavenly bodies is by Sir Iſaac Newton reduced to the 


DP 


k 
> | moſt ſimple yet the moſt noble phxnomenon in the world, 
which has been rendered much more ſamiliar in Europe, 
; : than is agreeable to ſome perſons. In {ſhort it is no more 
þ than that of a bullet, which would of itſelf proceed in a 
: 4 direct line, if the attractive force of the earth did not o- 
] blige it to move in a curve The bullet very ſoon falls to 
7 the earth, becauſe the greateſt force we can poſſibly give 
/ 1 it, is but little when compared to the vaſt extent of this 
globe. If it were poſſible for human weakneſs to throw 
: one from hence beyond Peru, it is demonſtrated that we 
> I ſhould acquire a new ſatellite; it would like the moon re- 
1 I volve about our earth, only its motion being neceſſarily 
7 f very ſoon weakened from the continual reſiſtance of the 
1 : air, while the gravitating force would loſe nothing of its 
F ? ſtrength, this new moon would at laſt fall and deſtroy 
Z 2 every thing it lighted on, after we had heard it make a 
» [| Horrible hiſſing over our heads, 
+ ; All-this you explain in two ſentences; an evident proof 
| | of the ſignificancy of a lady's words, What you have 
M ; faid is certainly a great deal, but not all. It ſtill remains 
a to know by what law this attractive force acts, that is, 
| whether it be the ſame at all diſtances from the ſun, or 
e ö whether it grows weaker in proportion as the diſtance is 
" greater. I will reſolve you this queſtion, che Marchioneſs 
= | | replied, when you have furniſhed me with as many hints 
for that purpoſe as you did when I told you that the pla- 
> [| nets are attracted by the ſun; and 1 hope you will after- 
it wards make as genteel a commentary upon me as you did 
Jin the other caſe. | 
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232 vt. 
That law, anſwered 1, of deſcribing areas proportion 
to the times obſerved by every particular planet, furniſhed 


Sir Iſaac Newton with means to diſcover the attractive 


orce of the ſan; and that other law which they obſerve 


ol deicribing their orbits in a greater time in proportion ag 


they are at a greater diſtance from the ſun, and that with 
a certain relation between theſe times and their diſtances, 


helped him to find out that the attractive force diminiſhez 
as the diitance irom the ſoa increaſes, 

The attractive force diminiſhes with this proportion, 
that it is always ſo much leſs as the ſquare of the number 
which expreſſes the diſtance from the ſun is oreater, In 
order to underſtand this eyphering, which perhaps at firſt 
light may appear very formidable, it is neceſſary to ac- 
quaint you that the ſquare of any number is nothing but 
that ſame number multiplied by welt; as four for inſtance 
is the ſquare of two, becaule twice two makes four, that 


is, two multiplied by itfelf gives four. 


1 may now ſafely venture to propoſe you a problem, 
that as you have lately explained the phenomena of natural 
philoſophy, you may now undertake the ſolution of ma- 
thematical problems: after this I do no: ſee what you can 
do better than to ſhew ſome {ſort of gratitude, and diſcover 
the truth to him who has conducted you into its moſt ab- 
firuſe and retired paths. 

The problem 1 ſhall propoſe to you is this: ſuppoſe the 
earth's diftance from the ſun to be one, and Jupiter's di- 
tance from him to be about five, conſidered with reſpe& 
to that of the earth, the queſtion is to know how much 
the ſun's attractive force will be diminiſhed at the diſtance 
of Jupiter ? | 
Give me a little time to conſider, anſwered ſhe, with 
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ſome impatience, for the ſolution of a problem is no trif- 


ling affair. You have informed me that the attractive 


ſorce is ſo much leſs, as the ſquare of that number which 
; expreſſes the diſtance 1s greater. The ſquare of one which 
is the carth's diſtance from the ſun, is one. And at the 
@ diſtance one, anſwered I, the force is ſuppoſed to be one, 
and the queſtion you are to reſolve is, how much that force 


* 


will be diminiſhed at the diſtance of Jupiter from the ſun, 


# which is ive, The ſquare of five, anſwered ſhe, with greet 


quickneſs, is twenty five, If the attractive force mult be 
ſo much leſs as this ſquare is greater, it follows that in Jus 
piter it is twenty five times leſs than in the earth. Is not 
this the ſolution of your problem? and may not I, like 
Archimedes, run crying about, { have found it, I have found 
it ? | 

Yes certainly, anſwered I, but not in the ſame circum- 
ſtance as he did, when his impatience was ſo great as to 
make him run precipitately out of the bath. The mathe- 
maticians ought rather to act as Pythagoras did upon the 
diſcovery of a certain truth, and ſacrifice a hecatomb to 
ſolemnize this day which gives them liberty to embelliſh and 
brighten their gloomy catalogue by your name. 

The Jaw that the attraQive ſorce obſerves of growing 
weaker at various diſtances from the ſun, is the very ſame 
to which all other qualities that flow from bodies, are ſub- 
ject; as ſmell, ſound, heat, and which moſt nearly con- 
cerns us, light. Thus when you believe yourſelf to have 
ſolved only one problem, you have in reality ſolved two. 
Is then, replied ſhe, the light of the ſan as well as his at- 
traction twenty five times leſs in Jupiter than with us? 
The very ſame number, anſwered l, ſerves equally for both, 
After the ſame manner you will find that the attraction» 

U 2 


1111 


the light and heat of the ſun, muſt be ninety times leſs in 
Saturn than with us. The twilight of our fartheſt Lap. 
landers would be there the fineſt ſummer days, and in 
the moſt raging dog ſtar of that planet, our ſeas hardened 
with perpetual ice, inſtead of ſwift ſailing veſſets, would 
groan under the weight of heavy chariots; whereas in 
Mercury, they would even in the depth of winter be diſſi 
pated into thin vapors, occaſtoned by this extreme proxi- 
mity to the ſan, and would thus leave their bottom dry, 
and preſent to pilots a horrid gulph, a dreadful view of 
the terrors of the deep; and to naturaliſts a beautiful 
ſcene that would furniſh them materials to enrich their 
muſæums. | 

You lee, anſwered ſhe ſmiling, how many fine diſco- 
veries I have made without perceiving any thing of it, It 
is however true, that great affairs are generally brought 
to paſs we know not how, and we are at laſt amazed to 
find them effected. 

In human affairs, anſwered I, it is aſcribed to their 
good fortune, if the Cæſars and Alexanders, after propoſ- 


ing only one end, acquire another which they never dream» 


ed on. It often happens, that thoſe very perſons who 
are called fortunate, gain that name by ſome events very 


different from what they intended. The inventor of gun- 


Powder, it is probable, propoſed a quite different end to 
his ſtudies than the diſcovery of a ſecret to deſtroy man- 
kind with the greater facility; and that perſon who found 
4 new world ſought nothing but a more expeditious way 
to the richeſt part of the old, 

On the other hand, in true natural philoſophy and geo- 
metry, the Czſars and Alexanders are more common. It 
is very ſeldom that we find only what we ſonght. The 
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diſcovery of one truth frequently produces many others 
which appear in ſpite, as it were, of thoſe who ſeemed to 


diſregard them. Any one who carefully ſeeks that law 


by which the attractive force ought to act at various di- 
ances, will at the ſame time diſcover that univerſal law 
by which all the qualities which flow from bodies are go- 


© - verned. Natural philoſophy afterwards illuſtrates this 


general truth with peculiar experiments, and in ſome 
meaſure tranſlates the obſtruſe hieroglyphics of the learned 
tongue into vulgar language. That decreaſe of the at- 
tractive force which immediately concerns light, is de- 
monſtrated by a very eaſy experiment, which we may try 
this evening, if you are not already ſufficiently tired with 
philoſophy and experiments. 

Suppoſe one ſingle candle to be placed in a room, and 
recede from it at ſuch a diſtance as not to be able to dif. 
tinguiſh the characters of a book, or a letter, unleſs per- 
haps it were a billetdoux, which may be read at any di- 
ſtance. 

Place yourſelf afterwards at a diſtance twice as far from 
the candle as you were at firſt. In this ſituation the force 
of the light muſt be, according to the eſtabliſhed law, 
four times leſs than it was at the firſt diſtance. The letter 
then cannot be read with the ſame diſtindtneſs as it was at 
firſt, unleſs the light be quadrupled : that is, the law re. 
quires that in the proportion as the light grows weaker, 
the ſquare of the diſtance mult increaſe. And this proves 
the experiment to. be true ; for the letter at the ſecond di- 
ſtance is then only read with the ſame diſtinctneſs as at 
the firſt, when three more candles are added to the ſingle 
one, or, in other words, when the light is quadrupled, 

Conſidering how very eaſy people are apt to forge; 
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theſe objects in their abſence which made the greateſt im- 


preſſions upon their mind when preſent, I cannot help 


thinking, ſaid che Marchioneſs, that this proportion in the 


' 1quares of the diſtances of places, or rather of times, is 


obſerved even in love, Thus after eight days abſence, 
love becomes fixty four times leſs than it was the firſt day, 
and according to this proportion it mult ſoon be entirely 
obliterated : I fancy there will be found, efpecially in the 
preſent age, very few experiments to the contrary. I be- 
lieve, ſaid I, that both ſexes are included in this theorem, 
which ſeems rather to follow the cubes of the times, which 
is certainly more convenient, and requires only four days 
for an intire oblivion, But, in genneral, I believe we may 
without ſcruple eſtabliſh the proportion of the ſquares, for 
eight days are common enough to cure the moſt vehement 
palion, You alone have power to reverſe this theorem, 
and make the rememberance of you, and with that a deſire 
of ſeeing you, inſtead of diminiſhing, increaſe according 
to the ſquares, or rather the cube of the times. No! no! 
ſaid the Marchioneſs, gallantry mult never deſtroy a the- 
orem. I am willing to enter into the general rule, and 
ſhall think myſelf exceedingly happy if I have been able to 
eſtabliſh any tbing fixed and conſtant, in an affair ſo in- 
conſiſtent and wavering as love, If geometry, anſwered 1, 
was permitted to get ſome footing there, it would in a 
little time produce wonders. The concluſions would be 
the molt ready and elegant imaginable, 

But to be ſerious, ſaid the : our concluſion in natural 
philoſophy was, that the attractive force of the ſan dimi- 
niſhes in proportion as the ſquares of the diſtances increaſe, 
I ſuppoſ the attractive force of the planets will follow the 
farae proportion with regard to their ſatellites. The fas 
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tellites, anſwered I, which turn about any planet, obſ rve 
the ſame relation between the diſtances and the times of 
their revolutions, as the planets themſelves do that turn 
about the ſun. This is evident in Jupiter and Saturn, 
who have more than one ſatellite, and conſequently the 
law of their attractive force will be the ſame as that of the 
ſun, 7 

In the earth, who has only a ſingle ſatellite to her ſhare, 
this is not altogether ſo evident, But what reaſon is there 
why it ſhould not be the ſame in one as in the other? 

If we had another ſatellite revolving about our earth at 
a diſtance different from tuat of the moon, it would diſ- 
cover whether the attractive force of the earth obſerves the 
ſame law as that of the ſun, jupiter and Saturn. This 
defect however is ſupplied by the bodies which we ſee every 
day fall upon the ſurface of the earth; for we are to be- 
lieve that the force which would make the moon fall if the 
Joſt her motion from weſt to eaſt, is the very ſame that 
makes bodies here below fall upon the ſurface of the earth 
when they are left to themſelves: for ſince it is demon- 
trated that the earth has an attractive force, it is evident 
we muſt in this force ſeek the cauſe of gravity, another 
phznomenon, which the vortices have been as unſucceſsful 


in the explication of, as in that of the planetary motions. 


If we could raiſe bodies from the earth to very conſider. 
able diſtances, compared with that at which we ſtand 
from the centre which is very great, we ſhould ſee the 
force of gravity prodigiouſly diminiſhed in them. A man 
of war of a hundred guns, tor whoſe formation a whole 
foreſt was cut down, and a whole mine exhaulted, 
would be overſet by the lighteſt breeze of a zephyr, 
The famous /?0ze-henge upon Saliſbury plain, the fruit- 
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ful ſource of fables both to che learned and ignorant, 
thoſe Coloſſian heaps which are held together by the 
force of gravity, would be no more than houſes built 
of card. The velocity in the fall of heavy bodies would 
be conſiderably retarded. Bombs, thoſe artificial thunders, 
would not be more terrible than ſo many flakes of ſnow. 
But theſe experiments are impracticable; one of the great- 
eſt diſtances we can attain is Pie Teneriff, which is only 
about three miles perpendicularly high. Beſides the air 
would be too thin for reſpiration, and the cold, which 
mult be exceedingly ſharp at a greater height, would ren- 
der any experiment fatal to the philoſopher who had the 
courage to undertake it. 

Nature, replied the Marchioneſs, has in this caſe de- 
nied us the means of being complete Newtonians, .She 
has here confined us within the bounds of probability. If 
the attractive force obſerves a certain law in the ſun, Ju- 
piter and Saturn, why ſhould not the ſame force obſerve it 
here on our earth? In this point, anſwered I, we have 
no reaſon to complain; we have no need of higher moun- 
tains, and a different conſtitution of air, in the preſent 
caſe. All theſe things, and the defect of another moon, 
are, as I before obſerved, ſupplied by the bodies which fall 
npon the ſurface of the' earth, We may compare theſe 
bodies to- the moon herſelf : and thus inſtead of probabi- 


lity we ſhall have evidence, and be even in this point good 
Newtonians, 


It has been deduced from obſervation, that if the moon 
ſhould loſe her motion, and fall towards the earth, that 
force which would ſet her a falling would be three thou- 
ſand ſix hundred times leſs than the force which makes 
bodies fall upon the ſurface of the earth, You ke how 
h Bey mn wer ＋. < ; 
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well this agrees with our principle. The moon is diſtant 
from the centre of the earth, where the attractive force 
chiefly reſides, ſixty times as far as theſe bodies : the ſquare 
of ſixty is 3600: the attraction then of the earth to the 
moon is diminiſhed in the ſame proportion as the ſquare 
of the diſtance is increaſed ; and this is exactly agreeable 
to the eſtabliſhed law in Jupiter, Saturn, and the Sun. 
If the moon ſhould happen to fall upon the earth, re- 
plied the Marchioneſs, it would preſent a fine and agree» 
able ſight to the Newtonians: they would certainly have 
neither curioſity, eyes, nor calculations for any thing 
elſe, This might very eaſily happen, anſwered I, if every 
thing was body, as the Cartefians affirm ; and thoſe an- 
tient Gauls, who were apprehenſive the heavens might 
one day or other fall upon their heads, would have ſome 
reaſon to fear it in the ſyſtem of their own Des Cartes: 
for it has been demonſtrated that if this planet was to move 
in a place abſolutely filled with matter, without the leaſt 
empty ſpace, let this matter be ſuppoſed ever ſo ſubtile, 
fluid and æthereal, her motion from weſt. to eaſt would 
be ſo retarded that it would ſoon grow weaker, and at 
length totally fail. And thus yielding to the force of gra- 
vity, ſhe would fall precipitately from heaven to earth, 
and we ſhould' no more behold her that triform goddeſs 
we before admired, but a ſtranger baniſhed from the moſt 
ſhining of her three kingdoms, and no longer the orna- 
ment of heaven amidſt the friendly filence of the night. 
The other planets would undergo the ſame fate if they 
moved in a plenum. Theſe would all, ſome ſooner and 
others latter, fall into the ſun, and ſupply that immenſe 
volcano with a greater quantity of matter. He would 
then reign the ſovereign of a depopulated empire: his ani- 
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mating Iight would ſhine in vain: Not a fingle planet 


with an obſtacle in our ethereal road. This would be a 
new puniſhment to an age fruitful of crimes, in the ſyſtem 
of that Engliſh writer“ who makes the glorious body of 
the ſun the manſion of grief, andthe ſeat of eternal deſpair. 
I aſſure you, ſor my part, I ſhoutd be one of the firſt, 


earth, What an agreeable ſpectacle would it be to ſee, 


imagination than our eyes, gradually transformed into 


certainly fill the vulgar with great aſtoniſhment : nay even 
philoſophers themſelves, who can never ſufficiently maſter 
thoie two great enemies of reaſon, fancy and prejudice, 
could not help looking on this phænomenon, without ſome 
degree of ſurpriſe,” As ſhe approached ſtill nearer, ſaid 
the Marchioneſs, ſhould not we deſcry the ſighs of lovers, 
dedications to princes, courtiers promiſes, vials filled with 
the judgment of our fages, and all the other loſt things 
which Arioſto places there? You have not read the Plura- 
tity of worlds, anſwered I, and therefor are not capable 
of ſeing the greateſt curioſities in that planet; fince you 
are not yet acquainted with the force of a why nt, which 
peoples the whole univerſe, 

But one thing which I ſhonld take great pleaſure in ob- 
ſerving, if the moon ſhould really hapen to fall, is, 


1 „lr. Swinden in lus treatiſe of the nature and place of hell. 


would be left to partake his pleaſing influence, nor receive 
from him the ſeaſons and the day; for both thè comets. 
and we with our moon ſhould be ſtifled in him, if we met 


continued I, who would run to ſee the moon fall upon the 


in proportion as ſhe approached to us, that face, that 
mouth and noſe, which we diſcover in her rather by our 


great mountains, vallies, plains and the like, which muſt 
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what treatment the earth would give the moon in going 
to receive her. 

What! replied the Marchioneſs; is it a point of cere- 
mony eſtabliſhed among the planets, that if a ſatellite 
ſhould fall upon its primary, the latter mult go meet it, 
and ſhorten its way? This ceremony, anſwered I, is 
founded upon mutual and reciprocal attraction, If the 
earth attracts the moon, why thould not the moon attract 
the earth? The attraction which the earth exerciſes upon 
the moon, is lodged in that matter of wi:ch the earth is 
compoſed ; why then ſhould not the matter of which the 
moon is compoted exerciſe its attractive force upon the 


carth, ſince all matter is entirely the tame, and only dif- 


ferently modified in different bodies? Beſides action, as 
the philoſophers expreſs it, is always equal to reaction. 


You cannot preſs this table with your finger, but it will 


Thus if two little 
gondolas made of cork, in one of which is placed a loads 
ſtone, and in the other a piece of iron, are ſet a floating 


be equally re-preſſed by the table. 


upon the water near each other, the loadſtone will run as 
faſt towards the iron as the iron does towards the load- 
ſtone; and if either of them be hindered, that left at li- 
berty will ſpring towards the other, which could not hap- 
pen unleſs the iron attracted the loadſtone as much as the 
loadſtone itſelf does the iron, or, in {ſhort unleſs the attrac. 
tion were reciprocal. 

I perceive, ſaid the Marchioneſs, what will be the con- 
eluiſion of all this. The ſun attracts the planets, and con- 
ſequently the planets attract the ſun : the ſecondaries at- 
tract each other, and are all attracted by the fun, and all 
attract him. Does not this multiplicity, this chaos of attrac- 
tions, perplex not only me but the ſyſtem itſelf too? No, 
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piles. 


Madam, anſwered I, it happens in this juſt as in the new 
geometry, of which I was ſpeaking to you the other day, in 
which all theſe innumerable orders of infinitely ſmall 
quantities, inſtead of perplexing, render it more ſubtile 
and perfect. 


This mutual attraction, diffuſed through the univerſe 


and all its parts, retains the wandering planets in their or- 
bits, and connects all bodies, the earth, and us ourlelves, 
by ſtrong though inviſible ties, and regulates and tempers 
every motion in ſuch a manner, that its exiſtence and irre- 
ſiſtible laws are every inſtant apparent. 

In thinking on this reciprocal attraction, ſaid the Mar- 
Chioneſs, ſomething comes into my mind, which 1 dare 


not however propoſe as an objection to a ſyſtem which the 


Philoſophers themſelves cannot venture to oppoſe. It ap- 
pears to me that if there really was ſuch mutual attraction, 


ve mult ſee the effects of it in thoſe bodies which ſurround 


us, if not every inſtant, at leaſt very often, juſt as we 
diſcover ſrom their gravity the effects of that general at- 
traction which the earth exerciſes upon them, 

When any little, light, body, as a feather for inſtance, 
is placed near a palace, a hill, or any thing whole attrac- 
tion is very ſtrong, why do not we ſee it preſently obey 
the force which attracts it, and move, as it ſhould do, to- 
wayels the palace or hill? When our mind is poſſeſſed by a 
voty ſtrong paſhon, anſwered I, what is the reaſon we do 

ot feel the weaker, unleſs it be that the ſtrong paſſion at- 


tracts the whole ſoul, ſo as not to ſuffer the weaker to 


make any impreſſion upon it, and thus we become inſenſi- 
ble to all the reſt which are not in themſelves either light 
or weak, 


The furious paſſion of Phædra for Hippolytus in Racine, 
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does not permit her to feel that ſtrongeſt paſſion in the 
Cair ſex, the deſire of beauty. Her ornaments and her 
whole dreſs are in that diſorder which perhaps neither the 
| abſence nor death of her Theſeus could ever have Produces 
: in them. | 

I comprehend you, replied the Marchioneſs, notwith- 
ſtanding your parabolical method of explaining this point. 
The very great attraction which bodies feel from the earth 
if I may uſe that expreſſion, renders them inſenſible to that 
of the other bodies which ſurround them, Bodies, an- 
ſwered I, attract only in proportion to the quantity of 
matter they contain. I make no ſcruple of uſing mathe- 
matical terms to you, for to uſe any other would be an 
affront to a perſon who has given the ſolution of a pro- 
blem. 

Thus a ball of gold, beſides many other advantages, 
has a greater attractive power than that of wood, becauſe 
it has a greater weight; and if the firſt be a hundred times 
heavier than the laſt, that is, if it contains a hundred times 


greater quantity of matter, it will have its attractive power 


a hundred times ſtronger. | 

Now the attraction of this great ball upon which we 
ſtand is diffuſed on all ſides, and draws every thing to it 
with an immenſe force, and by that means hinders us 
from perceiving the effects of that particular force, which 
the little balls by which we are ſurrounded exerciſe upon 
each other. 

A globe of the ſame denſity with the earth, and of a 
foot diameter, attracts any little body placed near its ſu- 
perficies, twenty million times leſs than che earth does. 
The attraction of the higheſt mountains, as that of Pike 


Teneriff, Ararat, or even the Apennine, notwithſtanding 
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the pompous deſcription made of it, is abſolutely imper. 
ceptible. | | 

But it is not ſo with the effects of the lunar attraction 
upon this vaſt collection of waters that ſome philoſopher 
made the firſt principle of things, which by the eaſy me. 
thod of navigation joins the moſt diſtant countries, and 
tranſports to us from another world thoſe balms and aro- 
matics which ſeaſon the European entertainments. You 
ſeem, replied the Marchioneſs, to have a very lively ſenſe 
of our obligations to the ocean, and the advantages we re- 
ceive from it. But has not the philoſopher amidſt theſe 
entertainments forgot the attraction of the moon? The 
ocean, anſwered I, every day ſhews us the effects of this 
attraction, which extend its empire throughout all nature, 
The ebbing and flowing of the ſea, a phænomenon, which 
in the moſt poliſhed age of Greece, Alexander the Great mY 
took as a mark of the divine diſpleaſure, and with which the | thi 


Romans in rhe golden age of Julius Cæſar were but very ve 
little acquainted, 1s only a conſequence of that attraction a 
the moon exerciſes upon the fluid and yielding part of our | th 
globe. Chapelle in his celebrated voyage, that model of a 
polite and agreeable wat, believed that no one but a water. I ei 


god could penetrate into its cauſe, | ri 

This god relates to him, that when Neptune was made 
governor of the ſea, the rivers went to congratulate him, 
The Garonne upon this occaſion retained ſomething of the 
haughty temper of his country, and his compliments were 
not ſo ſubmiſſive as was neceflary in addreſſing that power 
who raiſes the tempeſt by a ſingle nod, and with an 
1 a ſilences them to a profound calm. 


The puniſhment which this arrogant river received for 
his crime, was to be repelled twice a day back to his ſource: 
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All the rivers which flow twice a day into the ocean un- 
a der go the ſame fate. But why, anſwered the Marchio- 
neſs. ſhould the other rivers who were not guilty of this 


gaſcon behaviour ſuffer the ſame puniſhment as the Ga- 
ronne? If it was permitted to make objections to ſuperior 
powers, I would humbly propoſe this to Chapelle's Nep- 
tune. | | | 
You may make objections equally ſtrong, anſwered I, 
to all the human ſyſtems that have been made to explain 
this phænomenon. Some affirmed the reſpiration of this 
valt animal the earth and the fea to be the reaſon of it; o 
thers a great gulph in the northern ocean near Norway, 
which emits a vaſt quantity of water and afterwards ſwal- 
lows it up again, a molt fatal circumſtance both for the 
fiſhes and philoſophy which have the misfortune to be 
plunged in its deeps. The ancient Chineſe, who ſuppoſed 
their little country of four leagues extent, to be the uni- 
verſe itſelf, aſſerted that two great nations, deſcended irom 
a certain princeſs, the one inhabiting the mountains, and 
the other the ſea-ſhore, had frequent wars with each other, 
and this was the reaſon of the flux and reflux according as 


either of the combatants was drove back towards the 


mountains or the ſea. 

Such perhaps was the infancy of philoſophy among all, 
even the moſt ſagacious people. The explication of Des 
Cartes which was produced in a later age of the world is 
ingenious enough to render it agreeable, but not accurate 


enough to be true. The ſame Engliſh philoſopher who 


caſt an impenetrable obſcurity over viſion, by involving it 

in his contractile and expanſive forces, has endeavoured to 

involve this phznomenon alſo in the ſame unintelligible 

terms. This gloomy fancy diffuſed itſelf like an univerſal 
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contagion over the whole face of things, and inſected the 
whole ſyſtem of natural philoſophy. 

According to this opinion, the moſt ſimple and evident 
method of explaining the tides, is by aſcribing their cauſe 
to the contractive forces of the earth and moon, by which 
the one railes and the other depreſſes the water. To theſe 
he unites the expanſive force of the ſun, which, though 
always contrary to the contractive, yet upon this occaſion 
muſt a& in concert with that of the moon. Theſe unin- 
telligible terms, which have not ſo much as the faſhion to 
{upport them, can imply nothing in the author but a ve- 
hement and vain deſire of giving his name to a new ſy- 
ttem of errors. Theſe philoſophers, ſaid ſhe, appear to 
me the prieſts of Chapelle's divinity : their explications at 
once diſcover both the temerity and weakneſs of their phi- 
loſophy. OQur's, anſwered I, takes delight in difficulties, 
and comes off in triumph; amidſt the thorns we are ſure 
at leaſt to meet with roles, 
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That portion of the water immediately under the moon 
and neareſt to her, muſt be more ſtrongly attracted than 
the reſt which ſhe looks obliquely on, and which is at the 
greateſt diſtance from her, The ocean then muſt flow to- 
gether from all parts, and be heaped into a mountain of 
waters whoſe ſummit will be under the moon herſelf, 

The earth itſelf is a little attrated. by the moon, but 
that part of the water which is directly oppoſite to the part 
under the moon 1s leaſt attracted, becauſe it is at the great - 
eſt diſtance, 

This part then will be as it were forſaken by the'earth 
which a little follows the attraction of the moon, and will 
there form the ſummit of another watery mountain, and 
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thus there will be two, the one totally oppoſite to the 


other, 

The ocean then muſt ſwell, and in ſome meaſure lengthen 
itſelf in that part where the moon is, and in the part op- 
poſite to her, and thus from the figure of an apple be 
changed to that of a lemon, whoſe extremities will always 
follow the moon in her diurnal courſe; ſo that the water 
will be at one time depreſſed, and at another raiſed, both 
in the ſame place. | 

In every part of the ocean there will be two tides, dur- 
ing the time which the moon employs in returning to the 
ſame point of the heavens, When the is at the meridian, 
the waters mult be raiſed, and when ſhe ſets, depreſſed ; 
another elevation when {he 1s at the meridian of the Anti- 
podes, and another depreſſion when ſhe rites, 

All this muſt unavoidably happen it the whole earth was 
covered with deep waters,” and they immediately obeyed 
the attractive force of the moon, But becauſe there is 
ſome time neceſſary for the accumulating the waters, and 
their courſe is interrupted by ſhores, ſtraights, iſlands, and 
the like, there are ſome irregularities in the tides, 

Theſe irregularities however are not ſo great, but twice 
in every twenty five hours, which is nearly the time that 
the moon employs in her return to the meridian, we ſee 
the veſſels laden with the riches, of the univerſe go up with 
the tide along the ſilver waves of the Thames, and twice 
deſcend with the reflux to go in queſt of new treaſures. 
And this advantage, which in the ſyſtem of Chapelle was 
inflicted as a puniſhment, all the rivers which flow into the 
ocean enjoy. : 

Have our Mediterranean rivers, ſaid . F 
ever offended the moon, that they are not ſuffered to en- 
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joy the ſame advantage? Perhaps they have affronted her 
as the Garonne did Neptune. 

The ſtraight, anſwered I, by which the Mediterranean 
has a communication with the ocean, is too narrow for 
ſo great a ſea, and is diſadvantageouſly fituated, ſince it 
looks towards the weſt, to receive the great flood of the 
ocean that follows the moon from eaſt to weſt. 

On the other hand, the tide which is formed in the 
Mediterranean itſelf is too much interrupted with iſlands, 
ſhores and ſtraights, for the flux and reflux to be very con- 
ſiderable. In the Adriatic, on the contrary, it is more 
ſenſible than in any other place, becauſe the ſea is very 


narrow, juſt as the motion of a river is moſt apparent and 


feems moſt rapid when confined between the arches of a 
bridge. In our fine city founded by the gods upon the 
ocean, the viciſſitudes of the flux and reflux carry the 
fluctuating gondolas from one fide to another, while the 
gondolier fits at his eaſe, and ſinging to the agreeable light 
of the moon, teaches the ſea nymphs the flight of Erminia, 
or Rinaldo's love. 

The changes of the tides are ſtill leſs perceptible in the 
Baltic-ſea, the Mediterranean of the north; for this ſea 
bordering upon the trozen regions of the Pole, and very 
diſtant from the courſe of the moon, ſeems more adapted 
to ice and rocks than to warmth and attraction. 

In the ſhores of the ſouthern and oriental oceans, to Japan 

and China, the tide is very conſiderable by reaſon of the 
extent of the ſeas; and in our ocean its effects are incredi- 
bly prodigious, There are coaſts near Dunkirk, where 
the ſea draws back for the ſpace of ſeveral miles, and af- 
terwards on a ſudden returns and overflows the ſame ſpace 
again, alternately covering and diſcloſing thoſe ſands 10 
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very ſuſpicious to ſailors, not without ſometimes diſturbing 
the ladies in that country, who venture to walk upon the 
margin of the ſea, whoſe very ſhores are faithleſs and de- 
ceitful, Theſe are a ſort of natural fea fights, where at 
ſome parts in the day two armies may engage on dry land, 
and at others, two fleets, at leaſt ſuch as thoſe of the an- 
cients were, | 

In ſome rivers the tide riſes to more than fifty foot high, 
eſpectally if the ſun and moon act in conjunction to render 
the flood conſiderable. 

Though the moon may be 1 as the empreſs of 
the ocean, the ſun however has his ſhare in it. Notwith- 
ſtanding he is at a greater diſtance from the earth than the 
moon is, yet in return he is ſo much greater, chat it is not 
proper he ſhould remain idle, but lend his part to the 
production of the tides. The reſt of the heavenly bodies 
have no ſenſible influence in this caſe, the vaſt diſtance 
they are ſeparated from us renders them too ſmall, 

When the moon is in her quadratures, the tides are leſs 
than at any other times in the month, The reaſon of this 


is, becauſe the attractive forces of the ſun and moon croſ- 


ſing each other, are as contrary as is poſſible to the ſwel- 
ling of the ſea in the fame ſituation. 

On the other hand, when the moon is new or full, ſhe 
is in the ſame direct line with the ſun in reſpect to the earth, 
their forces are united, and then the tides are higheſt. 

It is to be obſerved however, that the motion begun in 
the waters, and retained for ſome time within them, muſt 
be ſome days after the new or full moon, before it pro- 


duces the greateſt raiſing of the ſea. So in ſummer, the 


heat of mid-day that remains in the air, being added to 
the following heat, leſs intenſe in itſelf, is the reaſon why 
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we have not ſo great need of the aſſiſtance of the fan to 
ſupply us with freſh air at noon itſelf, as we have ſome 
hours aſter, 

The greateſt of all the tides happens at the new or full 
moon of the equinoxes; for beſides the conjunction of the 
ſolar and lunar force, the waters in this caſe acquire A 
greater agitation ; but becauſe the ſun, notwithitanding 
our freezing, is nearer to the earth in winter than in ſum- 
mer, theſe great tides do not happen at the preciſe time 
of the equinoxes, but a little before the vernal, and ſome- 
thing later than the autumnal, that is, in the month of 
February and October, 

In Mercury, Venus, and Mars, the tides are governed 
by the ſun alone, though they mutt be almoſt inſenſible in 
Mars, becauſe that planet is at ſo great a diſtance from 
him. In Jupiter and Saturn, the diſtance from the ſun 
is ſo very great, that he can have abſolutely no influence 
over the tides, They will confound each other according 
to the caprice of the ſatellites, the great number of which 
will render them very irregular. 


If we knew the time of Saturn's rotation as we do chat 
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of Jupiter's, and were as well acquainted with the geo- 


graphy of both, and the quantity of matter contained in 
their moons, as we are with their diſtances and revoluti- 
ons, we might conjecture the quantity and period of their 
tides, and ſend tables of them to their pilots. Thus are we 
again tranſported by attraction into heaven, to vaſt and 
remote worlds, where this powerful quality holds its moſt 
conſpicuous and ſhining ſeat, 

By the help of this, replied the Marchioneſs, we can tra · 
vel thouſands of miles in an inſtant, and are well recom» 
penſed by innumerable great and ſhining truths, A French 
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author, I anſwered, a zealous propagator of this ſyſtem, 


like us tranſported by attraction to theſe diſtant worlds, 
thinks with great probability, that the moons of Jupiter 


and Saturn as well as ours had once been comets, which 


paſling near enough to theſe planets, to remain confined 
within the ſphere of their attraction, were conſtrained to 
revolve round them, and thus degraded from the rank of 
primary to that of ſecondary planets. 

Saturn has obtained ſo advantageous a ſituation as to 
make him the moſt happy in the number of his conqueſts. 
For the ſame reaſon he was able to acquire a fine rings 
that incompaſſes his body, and which was formerly the 
tail of a comet that unhappily paſſed too near him, 

This Saturn, replied the Marchioneſs, muſt be very 
terrible to the comets that approach a little too cloſs to 
him. He muſt be the ſame to them, as the Cabo tormen- 
toſo, to which avarice afterwards gave the name of Good 
Hope, was to the Portugueſe, It muſt, I fancy, have 
been a very agreeable ſight to ſee Saturn at once adorn and 
enrich himſelf with a ſplended ring, while the poor comet 


was forced to purſue its journey, ſpoiled of the honour of 
its ſhining train. 


He robbed it of nothing, anfwergd I, but what it ens» 
joyed at another's expence, according to the ſuppoſition 
of a certain French author, wha aſſures us, that the co- 
met, in croſſing the atmoſphere of the ſun, had from thence 
ſtolen its tail, But the Newtonian opinion is, that the tails 
of comets are formed and compoſed of certain vapours ariſ- 
ing from che comets themſelves, when they are near the ſun. 

Is it not a very great advantage, replied the Marchio- 
neſs, to be poſſeſſed of a ſyſtem that ſupplies even the 
imagination with the moſt pleaſing amuſement, by thoſe 
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ſtrange and ſurpriſing events which it renders poſſible? 


makes a ſtone fall to the earth. This attraction, ſaid ſhe, 
appears to be the ſame in the hand of nature, as the ſub- 
ject of a compoſition in that of a ſkilful muſician. Be it 


ſify it a thouſand ways and make it appear every moment 
new; in ſhort, he will find enough in it to form the moſt 
harmonious concert in the world. 5 

Nature, continued I, wants no other ſubject at once to 
regulate and vary thoſe innumerable and vaſt planetary 
ſyltems, which probably revolve round the fixed ſtars, thoſe 


luminous and attractive ſuns that chear the night, and 


Which we debaſe by giving them the names of our miſera- 
ble heroes. But why ſhould theſe heroes, ſaid the Mar- 


chioneſs, remain unmoved and fixt? If they have a mu- 


tual attraction, how comes it to paſs, that they do not 
approach each other and run all together? You have, per · 
haps, ſome other parable ready which only waited til} I 
ſhould propoſe a difficulty. No, Madam, anſwered I, un- 
leſs you take it for a parable when | tell you that this would 
exactly happen, if the number of thoſe ſuns was not in- 
finite. Thoſe which arc upon the ſuperficies of this im- 
menſe ſphere of uns would be united to thoſe next them, 
becauſe they would not have any thing to attract them 
a contrary way, and by that means keep them in their or- 
bits, And thus theſe ſucceffively running into thoſe next 
them, and theſe laſt into others, they would be all heaped 
together, By this means in a little time there would be 
In the whole univerſe only one ſun of an enormous ſize. 

But what is che number of theſe ſuns? What are the 
limits of their ſphere ? Is not the centre of it throughout, 


And all this, anſwered I, only by the force that among us 


never ſo ſimple, yet when he undertakes it, he will diver- 
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and the circumference in no place? The difficulty you 1 
have moved would be alone ſufficient to induce us to mul- it 
tiply the ſtars, ad infnitum, even if we had not a thou- | 
ſand reaſons beſides, | 
I am quite loſt replied the Marchioneſs, in this infinity 
of ſuns, and planetary worlds; pray let us return to our | 7 
own, We are poſſeſſed of a ſyſtem capable of diverſifying 
it to infinity, if we were ſo fond of infinity as to deſire if 
it, And a ſyſtem, anſwered I, which predicts and gives if 
a reaſon for the very ſmalleſt irregularities that can hap \| 
pen. After attraction and its laws were eſtabliſhed, how 
ſublime a geometry was requiſite to find out what path the 
planets mult keep in the ſpaces of heaven, and how much 
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1 more ſublime ſtill to foreſee exactly how much they would T 
| deviate from that path in the conſtitution of the preſent 
ſyſtem ? The valtneis of the objects renders general rules ; 


difficult, and the niceneſs of the variations renders the 
exceptions ſtill more difficult. 

The ſun who was eſteemed immoveable in the centre of 
the ſyſtem, and imagined himſelf exempt from any irre- 
gularity, is found however to be ſubject to it; for the at- 
traction between bodies is always mutual, and every cauſe 
muſt have a ogrreſpondent effect proportioned to its acti · 
vity. As the planets and ſun reciprocally attract each o- | 
ther, he muſt be ſenſible of their force; ſo that to ſpeak 
f with the utmoſt rigour, he continually changes 4is, as 
| they vary heir ſituation with reſpe& to him. After all 
our ſpeculations then, replied the Marchioneſs, to prove 
the immoveability of the ſun, we are at laſt reduced to 
make him move again, Had it not been better, continued 
ſhe, with a certain malicious ſmile, to adhere to the com- 
mon opinion without giving ourſelves all this trouble 
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Do not you act like thoſe perſons, who after employing 
their reaſon to diveſt themſelves of popular prejudices, are 
afterwards obliged to have recourſe to the ſame reaſon to 
reſume them, if they have an inclination to live and con- 
verſe with their fellow mortals ? 

Our caſe, anſwered I, is extremely different, The que- 
ſtion then was to make the ſun revolve about the earth 
with ſuch a motion, as to run a million and a halt of miles 
in one day, But at preſent the Earth herſelf continues to 
revolve about the jun, and he has no other employment 
than to approach or recede a little ſometimes towards one 
and ſometimes towards another ſide of the common center 
of the whole ſyſtem. This motion is inſenſible in aſtro- 
nomy, and is in fact only a mathematical ſubtlety with 
which I thought myſelf obliged to make you acquainted, 
If the planets were all on one fide, you are ſenſible that 
their united forces muſt act upon him with the greateſt 
poſſible ſtrength, in order to draw him back to themſelves 
and make him recede from the center of the ſyſtem : they 
would not however attract him, conſidering the enormity 
of his bulk, any more than one of his diameters. I am very 
willingly convinced of my error, ſaid ſhe. The ſun, who, 
notwithſtanding his vaſt ſize, is ſubject to the general force 


of gravity, may ſerve for an example to great kings, whom 


neither the extent of their fortune, nor the ſuperiority of 
their ſtation, can ever exempt from an obſervation of the 
univerſal laws of humanity. 


Our moon, continued J, is at preſent fubjedted dey attrac · 


tion to the minuteſt and moſt exact calculations of aſtrono - 
mers, Her very irregularities, her. caprices are reduced 


to certain and conſtant rules. Comets, thoſe enemies to 


ſyſtems, who made fill greater reſiſtence to the power of 
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numbers than the moon herſelf, are at length obliged to 
revolve about the ſun. And though their orbits are much 


more oblong than thoſe of the planets, yet they obſerve 
exactly the ſame laws, | | 


By obſervations made upon their appearances, philoſo- 
phers have aſſigned what orbits the comets muſt run in 
this ſyſtem, and theſe in fa& are the orbits which they 
really have run, almoſt with the ſame exactneſs as the o- 
ther planets, Notwithſtanding the imperfe& obſervations 
left us by the ancients concerning comets, the moderns 
have ventured to predict the return of ſome of them, in 
the ſame manner as they do eclipſes. And indeed, what 
is there which this ſyſtem might not authoriſe ? A Titian 
could eaſily judge of a picture from a rough draught. 

The prophecy of that ancient is now fully accompliſhed, 
who even in his time foreſaw that poſterity would calculate 
the periods and predict the returns of theſe bodies, ' theſe 
eternal monuments of the ignorance and weakneſs of hu- 
man nature. 

It is expected that the comet which appeared in 1658, 
will return twenty three years hence, and I hope we may 
flatter ourſelves we ſhall obſerve it together, you (till young, 
and I not very old, You ſhall be the Urania to give a 
right direction to my teleſcope, What a viciſſitude of 
things, replied the Marchioneſs, is there in this ſyſtem ! 
am metamorphoſed into a Urania, and ſuppoſed to be 
young at a time when it becomes unpolite to talk about 
years, and the non- appearance of a comet rendered more 
fatal than its appearance! It will appear too ſoon, anſwered 
I, to put us in rememberance of our paft time, and our 
attraction. In this caſe, replied ſhe, we may exprelis our- 
ſelves contrary to the common ſaying, | 
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Tir expectation makes a bleſſing dear. 


It is at preſent indeed a great happineſs to be an aſtrono- 
mer. They at leaſt expect nothing in vain; and how great 
a pleaſure do they owe to this ſyſtem, which gives them 
a full power over every thing in that heaven which is the 
object of their projects and defires ! 


Nothing, anſwered I, was a greater curioſity to aſtro- 


nomers, or more glorious for the Newtonian ſyſtem, than 
the conjunction of Jupiter and Saturn, which happened in 
the beginning of the preſent age, an age ſo fertile in the 
moſt ſurprizing events. Theſe two great planets were to 
approach each other, which the vaſt extent of their orbits, 
and the time employed in deſcribing thoſe orbits, had not 
very often ſuffered them to do, 

If it could ever be hoped to ſee the effects of this mu- 
' tual attraction in the diſturbance and alterations in the mo- 
tions of the planets, it was upon this occation, when the 
two moſt powerful, in the whole ſolar ſyſtem, approached 
each other, at a diſtance however of three hundred and 
fifty millions of miles. This was an obſervation in grear, 
as deciſive for the Newtonian celeſtial ſyſtem as the expe- 
riments of refracting the coloured rays with a ſecond priſm, 
in order to prove whether colour was a modification of 
light or no, was in little. The curioſity in this affair was 
fo much the greater, becauſe the Newtonian ſyſtem wag 
then in its infancy ; and time which gives ſtrength to truth, 
and in which error vaniſhes away, had not yet decided 
any thing to the world in its favour. 

The diſturbance which Jupiter, the greateſt of all the 
planets, occaſioned in the motions of Saturn, and that 
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which this planet reciprocally exerciſed upon the ſatellites 
of Jupiter, were ſo conſiderable that they could not eſ- 
cape the obſervations and teſtimony of aſtronomers, even 
thoſe who were the leaſt inclined to adopt the ſyſtem, 
whom a difference of opinion from the wagers held againſt 
it, might eaſily induce to regard this phænomenon in a 
very ſuperficial manner. And Sir Iſaac Newton 8 
pleaſure of extorting from his very enemies ſo ſtrong and 
ſolemn a confirmation of his ſyſtem. What are the tri- 
umphs of the Cæſars and Alexanders, - thoſe miſerable con- 
querors who overturned two parieles of this globe, 
when compared to the philoſophical triumph of him who 
firſt diſcovered the vaſt extent of the univerſe ? 
Aſtronomy, ſaid the Marchioneſs, has by this triumph 
amply rewarded Sir Iſaac Newton for defending it ſo well 
in the affair of total eclipſes. This mutual aſſiſtance, this 
commerce, if I may uſe the expreſſion, of truth, mit 
certainly be a very great honour to the ſciences, This 
commerce, anſwered I, was never more evidently ſeen 
than in attraction, We may affirm, that every ſcience, 
with a ſort of emulation contributes to confirm this truth, 
jult as the whole world anciently did to the raiſing the Ro- 
man empire. 

Though I told you that the effects of attraction are more 
remarkable in the heavens than any where elſe, yet it is 
alſo very evident in all natural philoſophy, hydroſtatics, 
chemiſtry, and anatomy. nel. Mr, Muſcembrook, who 
even in philoſophy preſeale* e character of a true repub. 
lican, confeſſes with that freedom that becomes a member 
of the Belgic ſtate, that for the ipace of many years ſpent 
in the greateſt variety of experiments, he has obſerved in 
all bodies certain motions and effects which could not be 
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explained or underſtood by means of the external preſſure 
of any ambient fluid: but that nature proclaims aloud a 
law infuſed in bodies by which they are attracted, without 
a dependance upon impulſion. Chemical fermentations, 
the hardneſs of bodies, the round figure of drops of water, 
and of the carth itſelf, the ſeparation of the juices in the 
human body, the ſuction of water by ſpunges, its aſcent 
in thoſe tubes which from their extreme fmallneſs are cal- 
led capillary, and a thouſand other things, are inconteſta- 

ble arguments for this attraction. I believe that after ſo 
many repeated procfs you will permit me to introduce it 
triumphantly into optics, in order to explain the effects 
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which depend on this mutual attraction of light and bodies. 


It would be very extraordinary, ſaid ſhe, if I ſhould re- 
ſuſe to admit the mutual attraction of light and bodies, 
after I have ſeen the Sun and Saturn attract each other at 
ſo enormous a diſtance, 

Not to ſay any thing more of aifragion, anſwered T, 
is not refraction an effect of this attractive power? Does it 
not ariſe from hence, that the mediums through which 
the light paſſes are indued with this force in a greater or 
leſs degree, according to the greater or leſs denſity of the 
medium ? Otherwiſe the immenſe force of the earth which 
attracts every thing to herſelf, would render it impoſſible 
for any priſm, if it were as big as pike Tenerif, to attract 
the ſmalleſt ray of light. 

While the light paſſes through the ſame medium, be- 
cauſe i it is equally attracted on all ſides, it will not decline 
to any, but move forward according to that direction it 
Teceived from the ſun or any other luminous body : if in 
its way it meets with another medium of a greater force, 


ſuch as glaſs for example compared to air, mult it not de- 


wir © Od 


On Lienr and "COLOURS. 259 


cline towards this medium and immerſe into it, approach- 
ing more or leſs to a perpendicular as the attraction of 
the new medium is more or leſs powerful ? 

In going out of glaſs into air, the light is again attrac- 
ted by the air and the glaſs; but becauſe the force of the 
glaſs is greater than that of the air, the light will remain 
behind the ſurface of the glaſs from whence it goes out, 
or behind that of the air into which it enters, and which 
immediately touches the glaſs itſelf, 

Thus you ſee, how eaſily by the help of attraction is 
explained a phænomenon, which Des Cartes could not ac- 
count for, unleſs by ſuppoſing that light could with greater 
facility paſs through denſe than rare mediums ; which is 
in other words ſaying, that what makes the greateſt reſi- 
ſtance to all other bodies, muſt, by ſome other privilege of 
which I am ignorant, make the leaſt reſiſtance to this. It 
is ſurpriſing to ſee how all that experiments have diſcovered 
to happen in refractions, are geometrically deduced from 
this explication of the Newtonian philoſophy. 

To me, replied the Marchioneſs, who cannot enter into 
the ſanctuary of the mathematics, it ſeems a ſufficient proof 
that as the attractive force is greater in proportion as the 
denfity of the medium is ſo, the refraction muſt in that 
caſe be proportionably greater, 

The Dutch, anſwered I, have found it to be much 
greater in Nova Zembla than here among us. The air is 
extremely cold, and conſequently denſe in this country, 
the habitation of white bears, and ſome Europeans, the 
miſerable victims of the avarice or curioſity of their 
ſpecies, ph 

By the help of this very great refraction they had the 
pleaſure of ſeeing the ſun after his long abſence many days 
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before the ſcience of coſmography had permitted him to 
appear, and the denſity of the air, which generally op. 
preſſes and damps the ſpirits, ſerved in this retreat of miſery 


and darkneſs, to revive their imagination by an unexpec- 
tedly early light. 


We may at preſent hope for more exact obſervations u- 
pon the denſity of the air and the refractions of this cli- 
mate, which have never yet been examined by philoſo- 
Phical eyes. A learned company is now ſetting fail from 


France, to the Bothnic gulph, and another to Peru, in or- 


der by their united obſervations to determine if poflible 
the true figure of the earth, and animated by the love of 
ſcience, have the reſolution to change the gardens and 
the delightful] ſeats of pleaſure in their own country, for 
the frozen rocks and deſarts of Lapland. 

In North America, the colds are incomparably more 
ſharp than in Europe, at the ſame diſtance from the pole. 
There are in thoſe ſeas mountains of ice of the ſame date 
perhaps as the world, among which are ſometimes found 


ſhips at full ſail as motionleſs as upon dry land. 


Doctor Halley, whom the Engliſh nation regards with 
the highelt reſpect as the friend and companion of Sir Iſaac 
Newton, and whoſe thoughts are employed on no objects 
that are little or trifling, believes that theſe countries were 
once perhaps nearer the pole than they at preſent are; 
that a comet by giving'a ſhock to the earth altered their 
ſituation, and by this means ſet them at a greater diſtance, 
But that notwithſtanding this, the great magazine of ice 
formed before this terrible ſhock ſtill remains, nor has the 
heat of following ages ever been able to melt it, Hence 
proceed the ſharp colds and a ſtronger retraction cauſed by 
them, 
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Certain Engliſh ſailors, who, above a century ago, en- 
deavoured, without ſucceſs, to find in North America a 
paſſage to the ſouthern ſea, were obliged. to ſpend the 
winter in an iſland very little more north than London. 
Every thing there was transformed to ice, the houſe they 
had built, the ſea, the ſhip, and even themſelves, 

They were obliged to cut the moſt ſpirituous wine with 
a hatchet, and the refraction was ſo ſtrong, that they ob- 
ſerved the riſing moon of an oval figure extremely long, 
and the ſun when at the horizon to be twice as big in 
breadth as in length. 'The air was ſometimes ſo very 
clear in the depth of that ſevere winter, that they diſco- 
vered more ſtars by two thirds than are uſually ſeen, and 
the milky way appeared evidently to the naked eye, a col- 
lection of ſtars. Thus in theſe countries there would 
have been no need of a Democritus to conjecture it among 
the dreams of the ancient philoſophy, nor a Galileo to ve- 
rify it by the aſſiſtance of the teleſcope. | 

From a great number of experiments made in England, 
it evidently appears, that the refractive power of the air 
increaſes in proportion to its denſity, which is true like- 
wiſe in other mediums which refract the light, but how- 
ever with ſome exceptions, Air, water, and glaſs, ſenſi- 
bly obſerve this proportion, But oleaginous and ſulphu- 
reous liquors, and which conſequently are combuſtible, 
have a greater refraction than liguors of another nature 
even tho? they are more den E, on Fünen leſs denſe than 
Water, as appears by its ſwimming upon it, has however a 
greater force in refracting the light. 1 

Alas! interrupted the Marchioneſs, I am a great enemy 
to exceptions, and I have a moſt mortal averſion to the yz 
in converſation. Every one who takes it into his head to 
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and whoſe effects are ſurprizing beyond all belief. 
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rail againſt our ſex before our very face, will doubtleſs ex. 


cept, with a conſtrained buf, her who has the misfortune 
to be preſent. Satire, ſo agreeable to the malignity of our 
mind, becomes cold with theſe exceptions ; our ſelf-love is 
not ſufficiently flattered, and truth loſes too much when 
it becomes leſs general. : 

Exceptions of this ſort, anſwered I, are properly only 
new truths which ariſe from the diſcovery of many cauſes, 
which joined together generally concur to produce a cer- 


tain effect. This greater refraction in a leſs denſity of me- 


dium ariſes from another particular correſpondence be- 
tween theſe liquors and light. It acts upon them more 
than upon any other ſort, by agitating, warming and 
inflaming them more eaſily. It is juſt then, on the other 
hand, that theſe in return ſhould act more upon the light 
than other mediums do, by breaking and refracting it in a 
greater degree. 

May we not conclude from hence that this force reſides 
chiefly in the ſulphureous parts of bodies? For this rea- 


ſon boiling water, in which theſe parts are more diſen- 
gaged, has a greater attractive force than cold water. 


In general, warmth and rubbing augment the attrac- | 
tive force which is in bodies, or make it appear in a 


particular manner. Amber, all ſorts of pellacid gems, 


glafs, hair, and many other things when they are rubbed, 
diſcover the force called electrical, and which is commu- 
nicated to other bodies, carried to incredible diſtances, 

If a tub of glaſs be rubbed till it grows hot, it will attract 
light bodies, as leaves of gold or cotton, and afterwards 
drive them at a diſtance, It will raiſe a fort of tempeſt in 


a heap of little pieces of burnt paper, by attracting and 


1 
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then tumultuouſly repelling them from itſelf, In ſhort, 
this force is a ſpecies of magic wand, that communicates 
and awakens a power in bodies, which had before lain 
dormant and inactive. 

A ball of ivory faſtened to a cord of nine hundred or a 
thouſand foot long, acquires the ſame power of attraction 
and repulſion, if the electrical tube be applied to the other 
end of the cord a thouſand foot diſtant. You had very 
great reaſon, replied the Marehioneſs, to call this tube a 
ſort of magic wand, for it really produces incomprehenſi- 
ble effects. At leaſt, it is a myſtery to me that it ſhould 
with ſuch rapidity draw the little bodies to itſelf, and af- 


terwards with a ſort of diſdain remove and drive them a. 


Obſervation, anſwered I, which has hitherto been our 


guide and clue in the intricate labyrinth of natural philo- 
ſophy, will continue to give us the ſame aſſiſtance in that 
little way we have yet to go. It has conducted us to the 
diſcovery of new properties in light and colours, which 
have opened a new ſcene of optics to philoſophy, It has 
conducted us to the diſcovery of attraction in the moſt ſe· 
cret retreats of bodies; which is likewiſe a new and ſur- 
prizing quality of matter, by which all natural philpſophy 
is changed and renewed ; and now this faithful guide leads 
us to repulſion, whoſe effects in nature are no leſs confider- 
able and ſurprizing. 

Are we not to impute it to this force, that flies are able 
to walk upon the water without wetting their legs, and 
that the particles, which fly off from bodies by means of 
heat or fermentation, are ſet at ſo great a diſtance from 


each other as to poſſeſs an infinitely n ſpace chan _y 
did at firſt ? 
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The air after being compreſſed may be dilated to ſuch 
a degree as to poſſeſs a ſpace more than eight hundred 
twenty ſix thouſand times greater than it did when com- 
preſſed, and this without being heated, which would di- 
late it ſtill more That you may underſtand this force 
has no leſs influence in heaven than earth, the famous co- 
met of 1682, approached ſo cloſe to the ſun that it was 
heated two thouſand times more than a red hot iron. The 
vapours ariſing from it, and caſt at a diſtance from each 
other by the repulſive force, adorned it with ſo formidable 
a tail that it took up in heaven the length of eighty mil - 
Hon of Engliſh miles. It would have been very bad for us 
to have been near, and involved in it; for inſtead of gain- 
ing a ring or another moon, we ſhould have been calcined 
-and burnt to aſhes, like a little ſtone in the focus of a burn- 
ing glaſs. 
Some perſons ſo taken up with the phantoms of the un- 
certain future, as not to ſee the fugitive preſent, expect 
that one day ſame comet will cauſe the univerſal confla- 
gration of this globe. Comets have perhaps anciently 
produced a deluge, have ftruck againit the earth and over- 
ſet every thing in it, and who knows but one time or other 
they may bring a conflagration upon it, after which lay. 
ing aſide its old ſpoils like the ſnake, it may again grow 
young and be renewed, and our great theatre change both 
it ſcenes and actors. GT; 
The preſent, replied ſhe, is ſo various and agreeable 
as it now ſtands, that I am greatly deceived, if it may not 
divert us as yet a long time without any change. 
But perhaps it is to theſe comets that we are obliged 
for one of the fineſt changes, and what we every day en- 
joy. They are perhaps the ingenious mechanicks that 
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have rendered our theatre capable of being turned round 


like that of Curio, ſo famous in antiquity, where the Ro- 
man people, the conquerors of the world, the race of he- 
roes, and the portion granted to mankind by the immortal 
gods, ſat upon a frail machine, in which they could not 
even applaud their public ſhews without danger, We at 
preſent perhaps owe to ſome comet; without apprehend 
ing any calamitous accident, the rotation of our earth, 
the perpetual and conſtant ſucceſſion of light and ſhadow; 
in ſhort, the pleaſing variety of day and night. One of 
theſe perhaps by giving us a ſhock has occaſioned this mo- 


tion in us as well as the other planets which are diſcovered 


to be endowed with it, | 
Before this we had, like the cold inhabitants of the pole, 
ſix months day and fix months night, but without gaining 
like them either a ſtrong vefraction or a long twilight to 
; anticipate and prolong our day. A little moon-light 
would from time to time have faintly illuminated that long 
and melancholy darkneſs, What optics, what colours 
could we ever have had for ſix continued months, unleſs 
the comet with its ſhock had lent us its aſſiſtance? Since 
every thing, replied the Marchioneſs, ſtands well at pre- 
ſent, heaven guard us for the future from the proximity of 


any one of them, from the ſhocks, the conflagrations and 


the deluge with which they menace us, and from that 
repulſive force that renders them ſo very formidable. But 
are not theſe the riddles as well as terrors of natural phi- 
loſophy, that the ſame bodies ſhould be both attracted and 
repelled ? 

I do not know, anſwered I, after ſome pauſe, 5 
I ought to introduce you any farther into the ſanctuary of 
the Newtonian philoſophy, There are in this certain my- 


266 L. 


ſteries ſtill deeper and more ſublime than thoſe to which 
you have already been admitted, You ſhould now invoke 
thoſe ſpirits the firſt-born ſons of light, the guardians of 
thoſe ſecret truths which they imparted to our philoſopher, 
that they would ſuffer me to diſcover to you things con- 
cealed from the ſight of mortals, and deeply immerſed in 
a gloomy miſt and the moſt profound night. You muſt 
now entirely diveſt-yourſelf of thoſe few remains of pro- 
faneneſs which may ſtill attend you. Tell me, Madam, 
what courage do you. feel for truth ? The ſame, anſwered 
ſhe, that a brave ſoldier feels to follow his captain where- 
ever valour calls. I follow you without fear wherever 
truth leads the way. 

You appear, anſwered I, to think it a riddle in philoſo- 
phy, that the ſame bodies ſhould be both attracted and 
repelled; and indeed there is ſome reaſon for your thinking 
ſo. But would not the riddle be ſtill greater, if I tell you 
that theſe two contrary forces, the attractive and repul - 
ſive, are of the ſame nature, and in ſhort it is only the 
ſame force which diſcovers itſelf in different manners and 
various circumſtances? The Marchioneſs, at this, could 
ſcarce forbear laughing. What! ſaid ſhe, do you call 
the attractive and repulſive force the ſame thing? One 
acts directly contrary to che other, ſince the firſt attracts 
and the laſt repels. Are theſe thoſe ſublime myſteries in 
natural philoſophy, of which you hardly thought me wor- 
thy, and which you have introduced with ſo much appa- 
ratus.? Does not all this greatly reſemble the phyſician in 
Moliere, who affir med roaſt and boiled to be the ſame 
thing. 37710 | 

What! anſwered I, do you ridicule the moſt ſacred 
things in natural philoſophy, and of whoſe uſe you are 
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yet ignorant? What a ſpirit of profaneneſs ſtill remains in 
you! but you ſhall quickly be puniſhed, Remember the 
concluſion which you yourſelf juſt now deduced from that 
very attraction you made ſo great a difficulty to.admit, 
Ladies of all perfons have leaſt reaſon to be ſurprized that 
the ſame thing ſhould produce contrary effects. Do not 
the higheſt reſerve and an evident partiality often proceed 
from the ſame principle, and teach connoiſſeurs to draw 
the ſame concluſion from them ? The ſun hardens and 


ſoftens according to the different circumſtances in which 
he exerciſes his heat. 


This truth is no leſs evident in the moſt noiſy affairs of 
human life, than in the phænomena of gallantry and na- 
tural philoſophy, The ſame thirſt of leaving an empty 
name and living in the imaginary breath of poſterity, 1 
burnt the temple at Epheſus in Aſia, and precipitated a 8 
Roman and his horſe into an open gulph in the midſt of | | 
the forum at Rome. The ſame paſſion made Curtius an 4 
hero, and Eroſtratus an incendiary, _ 

There are certain things which to the vulgar, nay even | 

the philoſophical vulgar, may appear as evident contradic- | ] 
tions in the ſame man, whom ſome upon that account have | x 
imagined to be double, as others did the governor of the | | 
univerſe, ſo that what the one willed, the other diſapprov- | 
ed: but are not theſe contradictions the neceſſary conſe- | 
quences of the ſame paſſion and the ſame motives ? 

Thus the very ſame cauſe, by which bodies are attrac- 
ted, may in ſome circumſtances repel them. There are 

found certain analogies between theſe two forces, which 
give us great reaſon to conclude that they are in reality 
only the ſame force which produces different citecs, 


It is generally found that where the attractive force is 
Z 


1 
— ET ee meas 


268 DI SC LOEYVE TV. 

weak, the repulſive too is weak, and where the one is 
{trong, the other is ſtrong alſo. Refraction which depends 
on one of theſe two forces, and reflection on the other, 
are both effected where there is a ſurface that ſeparates two 
bodies of ditterent denſity. For while the rays praceed in 
the ſame medium, and do not meet with one of a different 
denſity, they are neither reflected nor refratted, 

Thoſe rays, which are molt refrangible, are likewiſe more 
cafily reflected than the reſt. In bodies by which the 
light is more retracted, it is likewiſe more ſtrongly reflec - 
ted. And in general where the attracted force is greateſt, 
the reflective and repulſive is greateſt alſo. Diamonds, 
which refract the light very ſtrongly. give it in proportion 
a ſtronger reflection. Hence proceed the vivacity of their 
colours and their fine ſparkling luſtre, 

Theſe analogies, replied the Marchioneſs, are very 
pretty and very good, and ſo are the examples by which 
you introduced them, and very ſtrongly reproach my rath- 
neſs, I am heartily penitent for my fault in laughing, 
when I ſhould have admired, and deſpiſing what I onght 
to have regarded with veneration, But did not you tell 
me that reflection happens when light mects with the ſolid 
parts of bodies, and 1s from thence repelled ? This expli- 
cation ſecmed very inteliigible to me, and perhaps more 
ſo than what you at preſent intimate. 

It is Des Cartes, Madam, who gave you this explication, 
and not I, therefor you may be in ſome apprehenſions a 
bout it. An ingenious author gives a very uſeful piece of 
advice, that in philoſophy we ſhould be as difBdent of 
what we imagine ourſelves to underſtand very eaſily, as of 
what we do not underitand at all. 

If refraction was made when the light meets with the 
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ſolid parts of bodies, as you ſo clearly underſtand it ought 
to be, do you know what an inconvenience would from 
thence ariſe in nature? you would no longer have either 
toilette or looking glaſſes. 

A ſurface, however ſmooth and Nen it may be, is 
however full of protuberances and ſenſible irregularities 
diſcoverable by a microſcope. Imagine all bodies which 
you believe the moſt ſmooth and poliſhed, to be like wate” 
when it is rufled by the wind. The light muſt be reflec. 


ted from all bodies irregularly as it is from water thus rufled, 


and could never be ſent back with that regularity as 15 
neceſſary for you to ſee vourſelfin a looking glaſs, Is not 
this paying a great price for your fine explication ? Is it 
really true, anſwered ſhe, that it will coſt ſo dear? Per- 
haps you put me into a greater terror than the danger 
deſerves. Is it not poſſible that theſe irregularities in the 
ſurfaces of glaſſes, though ſenſible to the microſcope, may 
yet be inſenſible to the light? 

You are grown extremely difficult, Madam, anſwered J. 
The protuberances and cavities in the moſt ſmooth and 
poliſhed glaſſes, are when compared to a particle of light, 
what the Alps or Pyrenees would be in reſpect of a tennis- 
ball. The irregularities of a looking-glaſs are diſcovera- 
ble by common microſcopes, but there is no microſcope ſo 
perfect as to ſhew the pores of diamond, through which 
the light however paſſes very copiouſly, It would be a 
terrible circumſtance for us, if the particles of light were 
not almoſt infinitely ſmall. The force of bodies is reckon - 
ed from the quantity of matter that they contain, which 
is called the maſs, and from their velocity; the greater 


wes 


therefor their mals and velocity, the greater is their 
force. | 
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The particles of light have an incredible velocity, for 
they come from the ſun to the earth in about eight minutes, 
and thus in eight minutes they run through a ſpace of 
eighty one million of miles. Their velocity then being ſo 
extremely great as to exceed more than ten million times 
that of the ſu ifteſt Engliſh horſes, their maſs muſt be al- 
molt infinitely ſmall, or elſe a ſingle particle of light, in- 
ſtead of animating and reviving all nature by its appearance, 
would produce upon our earth the moſt terrible effects of 
a cannon. 

The good effects, anſwered the Marchioneſs, of that 
diffidence we ought to ſhew to men, extend likewiſe to 
Philoſophers; for by this means the one gives greater 
precfs of what we deſire ſhould be true, and the other of 
hat really is ſo, I will for the future be very careful not 
to believe you too haſtily, 

For this time at leaſt, anſwered I, you cannot accuſe 
yourſelf of too much credulity. It will never burthen 
your conſcience that you have not had ſufficient arguments 
to believe that reflection is not made by the meeting of 


light with the ſolid parts of bodies. For beſides the great 


inconvenience which would ariſe if this ſuppoſition were 
true, obſervation informs us, that light, tranſmitted through 
a piece of glaſs, ſuffers a ſtronger reflection at going out 
of the glaſs than it did at entering into it, Now how is it 
poſſible that light ſhonld find more ſolid parts in the air 
than in the glaſs itſelf, to occaſion this ſtronger reflec - 
tion ? 

Beſides, if water or oil be placed immediately behind 
the glaſs, the reflection becomes weaker, Will the light 
find fewer ſolid parts in water or oil than in air? 

Laſtly, if the air which is behind the glaſs be taken a- 
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way by an inſtrument made for that purpoſe, the reflection 

will be much ſtronger than it was before the air was re- 
moved. Will you ſay that light meets with a greater num- 
ber of ſolid parts in a vacuum than in the air? Heaven 
forbid that I ſhould ſay it, replied the Marchioneſs; I will 
rather make the repulſive force to be the cauſe of reflection. 
In theſe caſes, anſwered I, it is not the repulſive but the 
attractive force, When a ray goes out of the glaſs into 
air, it is attracted by the air and the glaſs;. hence that 
part of it, which was neareſt the glaſs, returns back as if 
it had been reflected; if the air be entirely taken away, this 
part being extremely attracted by the glaſs, and hardly 
any thing by what remains after the air is removed, it re- 
turns back again almoſt entire, 

But if water or oil, which attract the ray much more 
ſtrongly than the air does, be placed behind the glaſs, a 
leſs part of the ray will return back than there did while 
the air remained, Laſtly, when the forces of the two me- 
diums are balanced, as for inſtance, if a liquor be ap- 
plied to the glaſs of pretty near the ſame denſity, or ano- 
ther piece of glaſs, the ray mult paſs entire, and there will 
be no reflection. | 

In general, we may affirm that the attractive force is the 
cauſe of the reflection of the rays, when. the light paſſes 
from a denſe into a rare medium; and the repulſive, when 
it paſſes from a rare to a denſe, 

In both caſes, ſince the attractive and repulſive force 
are propagated at ſome diſtance from bodies, the light is 
reflected notwithſtanding its. diſtance from the reflecting 
body. Juſt as when it begins to be refracted, it is ſome_ 
what diſtant from the refracting medium, in the ſame man- 
ner as it is from the extremity of bodies when palling near 
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them, it is turned out of its direct path and curved by dif- 
fraction. Hence you ſee that ſolid parts and Des Cartes's 
explication have leſs to do with reflection than ever. 

Poor Des Cartes, continued ſhe, is attacked in his very 
laſt Nrenchments. There is nothing wanting to com- 
plete his overthrow but for us to aſſert, that as light is not 
reflected from ſolid parts, ſo neither is it tranſmitted from 
the pores of bodies; and thus he may return back like that 
momentaneous Alexander of the north, who, after the moſt 
rapid and noiſy victories, at length loſt the beſt of his own 
dominions. | 

In order to deny him every thing, and give him leave to 
return home as ſoon as he pleaſes, we will at leaſt deny 
that the quantity or magnitude of the pores in bodies, 
contributes any thing to their tranſparency. It is proved 
on the contrary, that if the pores of a body, for inſtance, 
paper, be filled with water or oil, it loſes its opacity, and 
becomes tranſparent ; whereas if the pores in a body be 
multiplied, as when glaſs is reduced to powder, it loſes its 
tranſparency and becomes opaque, 

It is in komogeneity we are to ſeek the cauſe of tran- 
ſparency. It there be many pores in a body, and theſe be 
filed with a matter diffcrent from that of the body itſelf, 
the light will meet with a thouſand reflections and refracti- 
ons in the internal parts, and thus it will be utterly ex. 
tinguiſhed, The air ceaſes to be tranſparent when it is 
cloudy, though it is then lighter than when it is clear, and 
conſequently more porous. Its opacity can riſe from no 
other cauſe but that it is at that time heterogenous, which 
makes the rays that paſs through it ſuffer innumerable re- 
flections and refractions, by which means they are very 
ſoon ſtifled and extinguiſhed, Thus the froth of Cham- 
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pagne is opaque, though much more porous and lighter 
than the wine itſelf. | 
This ſeems to furniſh us with an argument to infer, 
that the heavens cannot be filled with matter however rare 
it be ſuppoſed, even if all contained within the vaſt orb of 
Saturn, and though its pores ſhould be as ſmall as you can 


Poſlibly conceive, it might, after being perfectly united fo 


as to leave no empty ſpace, be graſped in one hand, 

What ſtrange relation is this you tell me ? replied the 
Marchioneſs. Is the Newtonian philoſophy ſome golden 
fleece which we muſt not undertake the conqueſt of, till 
we have firſt paſſed through a thouſand ſtrange portents, 
and ſubdued a thouſand monſters of imagination, 

Do you believe, anſwered I, that gold the precious ſub- 
ſtance for which mankind do and ſuffer ſo much, and for 
which we feel the greateſt thirſt when we ought to be moſt 
ſatisfied, gold I ſay, and diamonds themſelves, the moſt 
ſhining work of nature, notwithſtanding their great weight 
and gravity, contain a great quantity of matter? It will 
appear ſtrange when I tell you how very little that quan. 
tity really is when compared to that vacuum between the 
parts, and which to our deluded eye ſeems perfectly full. 

The ſolid parts, contained in a piece of glaſs, are no more 
conſidered with regard to its extent, than a grain of ſand 
to the terraqueous globe. It is very ſurprizing how little 
ſolid matter there is in the world, and with how few ma- 
terials, if I may uſe that expreſſion, it is built, Perhaps 
if you knew the truth you would be afraid you walked 
upon cotton, and were in danger of cruſhing it under your 


feet, even if they were as light as thoſe of the ſwift Ca- 


milla. . 
Now if the matter of the heavens be imagined uncon- 
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ceivably rare and ſubtle, yet the light, which, notwithſtand- 
| ing its prodigious velocity, employs according to the laſt 

RY calculations fix years in eoming from the ſtars to us, muſt 
| be intirely extinguiſhed by that multiplicity of reflections 
and refractions which it muſt ſuffer in that immenſe paſlage ; 
juſt as a numerous and flouriſhing army, in a long march, 
mult decreaſe and periſh by the fatigues and obſtacles 1 it 
meets upon the road, 

I ſee with pleaſure, aid the Marchioneſs, how the pro- 
Perties of our light conduct us to empty heaven, and after 
having ſet the earth in motion, to clear its way. The dif- 
fractions too, aniwered 1, which the light would ſuffer 
from the particles of this celeſtial matter, would contribute 
not a little to extinguiſh it, in the ſame manner as they 
would do in bodies that are very porous and heterogeneous, 
It is ſurprizing that in the notes which Perrault wrote u- 
pon Vitruvius, he ſeems, if I remember right, to have had 
ſome faint notion of this truth. Tarefraction, ſaid he, 
that is, a diſtance of parts, renders bodies opaque, becauſe 
theſe which were at firſt homogeneal, when rarefied, be- 
| come heterogeneous. | 
It ſeems much more ſurprizing, ſaid*the Marchioneſs, 
that any perſon could clearly ſee and demonſtrate that two 
things ſo very oppoſite as reflection and refraction ſhould 
yet ariſe from the ſame cauſe: this I muſt confeſs will al- 
ways be a wonder to me, / 
he facility, anſwered J. and the obſtacles which the 
light meets in paſſing out of one medium into another, are 
almoſt in the ſame caſe. Perhaps an exceedingly tubtile 
fluid diffuſed in the nes of the mediums, extremely quick 
in its vibrations, and in which the light by percuſſion ex- 
cites an undulating and tremulous motion, as a ſtone does 
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in water, or a voice in the air, is the cauſe of both the fas 
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cility and obſtacles in queſtion, Thus if the light happens 

to be in the concavity of the waves of this fluid, it paſſes 

freely through it, but if in their ſummit, it is drove back 
again, 

Hence come the fits of eaſy tranſmiſſ on and refraction, 
that is, the ſame ray of light is in one moment tranſmitted, 
and in the next reflected; and becauſe the vibrations of 
this fluid are exceedingly rapid, the rays appear to us both 
tranſmitted and reflected at the ſame time. 

But we are now arrived to the confines of nature, where 
our ideas grow dark and confuſed : theſe are the barriers 
of knowlege, beyond which no force of human faculties is 
permitted t9 proceed. I myſelf perhaps have run too great 
alength, | 

Sir Iſaac Newton, under the form of queſtions, propoſed 
many things which are probably the receſſes where nature 
withdraws to conceal herſelf from mortal eyes. The ana” 
logy betwixt found and colour, the ſtrange metamorpho- 
ſes of light into bodies, and bodies into light, the two- 
fold and ſurprizing refractions of iſland chryſtal, rock 
chryſtal, and that ſort lately diſcovered in Braſil, will al- 
ways be impenetrable enigmas to mankind, fince this Oedt- 
pus was not able to ſolve them. 

How very different from the modeſt doubts of this le- 
giſlator of the wiſe are the raſh aſſertions of the ſeducers of 
the multitude. Theſe however promiſe thoſe very men, 
whom they have aiways deceived with the ſame flatteries, 
to open the temple of truth ſo often tried in vain, in the 
moſt expeditious and eaſy manner by the help of certain 
new principles; juſt as others with certain new ſyſtems of 
their own ſpread artful nets for human avarice, and pro- 
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miſe at once to enrich a nation which they have always 
I-npoveriſhed by the very ſame ſchemes. The pleaſing and 
vain deluſion of hope leads ſome in haſte to the bank, others 
to the academy, The beginning of an affair is generally 
agreeable to our flattering expectations. The wind is com- 
monly favourable to the ſhip juſt looſed from the port, 
and two bright eyes give an agreeable invitation at the firſt 
appearance, The bank by converting hopes at firſt into gold 
Preſerves and increaſes its reputation; and philoſophy bY 
judicious prefaces maintains its honours, more ſucceſsful 
in baniſhing old errors, than ſubſtituting new truths in 
their place. Thus they, who by a prudent ditfidence ſoon 
extricated themſelves from the ſnare, either brought back 
A reputable increaſe of their fortune, or were rationally 
delivered from their pait prejudices, But there are very 
few ſo wiſe as not to loſe the preſent in forming projects for 
the future, or not to make the happineſs of to-day, a 
ſtep to the miſery of to-morrow, The cheat at length is 
diſcovered, and the firſt are left with their ſcrutoirs, full 
of notes worth nothing, while the laſt have their heads 
embarraſſed with notions of preſſure, rotations, globules 
and vortices, the falſe coin of philoſophy, Sir Iſaac New- 
ton, guided by a flow yet ſure experience, promiſes no 
more than what experience is able to perform. Where 
that leaves him he ſtops; by its aſſiſtance he diſtinguiſhes 
truth from falſhood, evidence from probability, and in the 
extent of his 2wn, diſcovers the limits of the n under- 
ſtanding. 

Are not the rays of light, ſays Sir Iſaac Newton, very 
ſmall bodies of different ſizes, the leaſt of which make vio- 
let, the weakeſt and darkeſt of all the colours, and more 
eaſily diverted by the attractive force of the prſin from the 
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right path? And the reſt, as they are bigger and bigger, 
make the ſtronger and more lucid colours, blue, green, 
yellow and red, and are more difficultly refracted, in pro- 
portion fo the greater ſtrength of the colours, and the lar- 
ger ſize of the bodies that compoſe them? 

It is certain that the rays of light differ from each other 
in colour, refrangibility, and the force with which they 
ſtrike our ſenſes. Scarlet dazzles the fight, the azure of 
heaven languidly moves it, and the verdure of a meadow 
ſtrikes it with a very pleaſing ſenſation. 

Only one of theſe differences, ſaid the Marchioneſs, had 
been ſufficient to make an ordinary philoſopher put an ab- 
folute difference in the ſize of the particles of light, whereas 
two or three are hardly enough to ſupply ours with a con- 
jecture. 

In the vaſt and unlimited perſpective of nature, anſwered 
I, there are objects that we are for ever condemned to ſee 
languid and confuſed, without hoping that any teleſcope 
can make them appear either leſs diſtant or more diſtin, 
The moderation of our philoſopher, in never affirming any 
thing to be true which was not demonſtrated by obſervati- 
on, may ſerve for an example to the moſt raſh aſſerters. 
Who could have more reaſon to think himſelt capable of 


_ aſcending heaven, or bringing the ſecrets of nature in tri- 
umph from thence, than Sir Iſaac Newton, who, poiſed 


upon the wings of geometry, could take his flight through 
immenſe ſpaces, till then impenetrable to human curio- 
ſity ? 

What a ſtrange condition, replied the Marchioneſs, is 
ours! We know what ſize in a particle at a great diſtance 
from our fight is neceſſary to reflect à certain colour; but, 
what is this colour itlelf which we have always immediately 
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before our eyes? Hardly can we form any idea of it by « a 
feeble conjecture: In one caſe we have the fight of a lynx, 
in the other we are abſolutely blind. There our ſenſes are 
Tefined beyond what we could have expected ; here they 
ſeem to abandon us all at once. 

There are ſome perſons, anſwered I, who have believed 
that the many difficulties which attend our little degree of 
knowlege, the great number of ſyſtems, the various em- 
blems of human ignorance, and that continual tantalizing 
which philoſophers ſuffer in their ſearching after truth, 
proceed from no other cauſe than our- want of a fixth 
natural ſenſe which might reveal a great part of what 1s at 
preſent hid from us, and eſcapes perhaps thoſe five ſenſes 
given us by nature to lay hold on external objects, and 
bring them to the mind, 

As there are certain animals among us, who, by virtue 


of ſenſes, of which we perhaps have no knowlege, foreſee 


the change of the ſeaſons, and approach of the morning, 
and, without having read Dioſcorides or any other bota- 
niſt, can amidſt a thouſand others diſtinguiſh that ſalutary 
herb that cures their hurts; who knows but in ſome other 
ſyſtem, in the world of Jupiter perhaps, there may be ani- 
mals which, more ſharp-ſighted than our philoſophers, 
may diſcover the ſize of thoie particles that compoſe the 


variety of colours, and in what manner, without the aſſi - 
ſtance of ropes or pullies, they may attract Saturn at a dif. 


tance of more than three hundred and fifty millions of 
miles? | 
But in return, as in that planet, which is not depopu- 


lated by the race of war, the inhabitants have no idea of 


the pleaſures of love, ſo, according to the agreeable hiſto- 
rian of theſe worlds, every thing is diverſified, and put in 
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a juſt balance; thoſe people, who are thoroughly acquaint» 
ed with the nature of colours, may perhaps want the ſenſe 
proper to give them a perception of the moſt agreeable 


harmony of thoſe colours upon the checks of their Ch/oes 


and though, perfectly {killed in the attradions of the pla- 
nets, are perhaps inſenſible to the more pleaſing attractions 
of beauty, which are preferable to any ſpeculation what · 
ever, | 
But however it be with regard to our preſent ſpeculation, 
the moſt vain perhaps of all others, it is not for our ad- 


vantage to ſeek occaſions to put us in mind of our defects, 


nor be ſo ingenious in tormenting ourſelves, We ſhall not 


be deſtitute of either knowlege or pleaſure, if we make a 
good uſe of the ſenſes fallen to our lot. Though you know 
nothing wherein conſiſts the nature of light and colours 
but by conjecture, there will not perhaps be wanting ſome 
perſons to affirm you know much more of it than is pro- 


per for a lady, The fault will be thrown entirely upon 


me, who upon thoſe ſew verſes which give occaſion to our 
ſubject, have made you a comment long enough for a poem 
upon the Newtonian philoſophy, It will be well for it, if 
you diſſemble your knowlege with thoſe perſons who rict - 
cule what they ought to learn, and if to the ſcience of 
natural philoſophy you join that of the world, 

What, cried the Marchioneſs, am I ſo learned that! 
onght to ſtudy to be ignorant? May I venture ſeriouſly 
to call myſelf a Newtonian ? You Bave already renounced 
your philoſophical errors, anſwered I, The light of New - 
tonianiſm has diſſipated the Carteſian phantoms which de- 
tuded your fight, You are now really a Newtonian, and 
it is no fmall advantage to truth that you are fo, I will 
ſome time give a hiſtory of the fine conqueſt I have acquired 
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for her, and I am certain if I could give a juſt deſcription 
of my tair diſciple, my book would never want readers 
nor true philoſophy a numerous train of proſelytes. You 
ſhall be the Venus that muſt lend the agreeable Ceſtus to 
this auſtere Juno, and give her thoſe attractive charms 
that will render her engaging and amiable to mankind, 


T H E N. 


Miſtakes to be rectified. 


Page 73. line 28. for : not, read . Not. 
ib. I. 31. for. Did, read; did. 
81. 1. 7. for deeper, read higher. 
180. I. 10. for article, read Ancile. 
205. 1. 8. for not, read and. 
227. I. 2. for barel, read barely. 
257. I. 11. for particles, read parts. 
ib. I. 28. for preſents, read preſerves. | 
261. I. 27. for even though they are more denſe, read 
even though they are more denſe than the oils. 
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BOOKS printed and ſold by RoBERT URIE, at his 
Printing Office, foot of the Saltmarket. 


I. An Effay on Painting. Tranſlated from the Italian of Count 
Algarotti, This elegant performance conſiſts of the following arti- 
cles, viz. Introduction. Of the firſt education of a painter. Of 
perſpective. Of ſymmetry. Of colouring. Of the camera obſcura. 
Of drapery. Of landſcape and architecture. Of the coſtume. Of 
Invention. Of diſpoſition. Of the expreflion of the paſſions. 
Of proper books for a painter. Of a friend. Of the importance 
of the public judgment. Of the criticiſm neceſſary to a painter. 
Of the painter's balance. Of Imitation. Of the recreations of 
a painter. Of the fortunate condition of a painter. Conclufion. 
I2MoO. price 25. 6 d. bound. 
II. Miſcellaneous pieces in literature, hiſtory, and philoſophy. 
By Mr. d' Alembert, member of the royal accademy of Inſcriptions 
at Paris. This elegant book contains the following articles. Re- 
marks on Tranſlation. A diſcourſe before the French Academy. 
Reflections on elocution, and ſtyle in general. The abuſe of Criti- 
ciſm in religion. An Eſſay upon the alliance betwixt learned 
men and the great. Reflections on the uſe and abuſe of philoſophy — 
bs | in matters that are properly relative to taſte. A ſhort account of the 
government of Geneva. Memoirs of Chriſtina, queen of Sweden. 
12mo. price 3s. bound. | 
III. Coſmotheoros : Or, conjectures concerning the planets and 
their inhabitants. Tranſlated from the Latin of the celebrated Chri- 
ſtan Huygens. A new edition corrected, and illuſtrated with plates. 
{ 12mo. price 2, s. bound. 
i IV. The puetical works of John Dyer, I. L. B. Containing 1. 
The Fleece, a poem in four books. 2. A poem on Grongar hall. 3. 
9 The Ruins of Rome, a poem. 12mo. price 25. bound. 
F | V- The philoſophical works of William Dudgeon, Eſq; Conſiſt- 
1 ing of the following pieces. 1. The ſtate of the moral world confi- 
| dered; or a vindication of providence in the government of the mo- 
ral world. 2. A letter to the Author of the ſtate of the moral 
world conſidered. Wherein ſome ſatisfying account is attempted 
to be given of the nature of virtue and vice, the origin of moral evil, 
and the end and duration pf future puniſhment. 3. A Catechiſm: 
collected by a father for the uſe of his children. 4. A view of the 
Neceſlitarian or beſt ſcheme, freed from the objections of Mr. Crou- 
ſaz, in his examination of Pope's eſſay on man. 5. Philoſophical 
letters concerning the being and attributes of God. 12mo. price 38. 
bound. : | 

VI. A treatiſe on religious toleration. Occaſioned by the execu- 
tion of the unfortunate John Calas : unjuſtly condemned and broken 
upon the wheel at Thoulouſe, for the ſuppoſed murder of his own 
fon. By Mr. de Voltaire, zmo. price 28. 6d bound. 

VII. The Newtonian philoſophy compared with that of Leib- 
nitz. In which not only the ſentiments and opinions of thoſe two 
eminent philoſophers, but alſo of Des Cartes, Locke, Dr. Clark, 
Collins, and Spinoſa, concerning the exiſtence of a Deity, ſpace, du- 
ration, liberty, goodneſs of the divine adminiſtration, immateriality 
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of the ſoul, matter, etc. are all impartially compared and examined. 
1a mo. price 15. in boards 


VIII. Dialogues, and eſſays, literary and philoſophical, etc. 12 mo. 
price 25. 6d. bound. 

IX. An Eſſay on an active and contemplative life; and when and 
why the one ought to be preferred to the other, 
in boards. 

X. Dialogues concerning Education. Betweena Courtier, a Law- 
yer, a Soldicr, a country Gentleman, an Alderman, and 2 Bithop. 
12 mo. Price 18. in boards. 

XI. The hiſtory of the conqueſts and diſcoveries of the Engliſh in 
North America and the Weſt Indices. Containing an accurate account 
of all our ſettlements, their ſoil, produce, and commerce, both in 
America, and in the Weſt Indies. 12mo. Price bound 2s. 6d. 

XII. The hiſtory of the life of the celebrated Agricola, the firſt 
Roman general that conquered Scotland, With an account of the 
ſituation, climate, and people of Britain, at that time. Tranſlated 
from the Latin of Tacitus, by Thomas Gordon, Eſq; author of 
Cato's letters, Independent Whig, etc. 12mo. price ſtitched 18. 

XIII. Sermons on the following important ſubjects, viz. On the 
Trinity. On mutual ſubjection. On the teſtimony of conſcience. 
On brotherly love. The difficulty of knowing one's ſelf. On falſe 
witneſs. On the poor man's contentment. On the cauſcs of the 
wretched condition of Ireland. Upon ileeping in church. By the 
Reverend Dr. Swift, Dean of St. Patrick's Dublin, 
bound 3s. 

XIV. Devotions, and forms of prayer. I. for particular perſons. 
II for a family. By the reverend Dr. Benjamin Hoadly, late lord 
biſhop of Winceſter. 12mo. price 1 ſtitched, 

XV. The complete ſongſter : or, a new tea table miſcellany. Be- 
ing the molt choice collectivu of Scotch and Englith ſongs in the Bri- 
tiſh language. 12mo. Price 2 8. bound. 

XVI. The hiſtory of the republic of Florence, in eight books. 
Tranſlated from the Italian of the celebrated Machiavel, ſecretary to 
the republic.----- N. B. This hiſtory comprehends the whole tran- 
ſactions of Florence, intermixed with the affairs of the other Italian 
ſtates, from its riſe, down to the death of Lorenzo the Great, the 
father of learning, and the patron of arts and ſciences, that under 
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ſuch perfection, at that time, 1n Italy, and were from thence com- 
municated, in ſome degree, to the other kingdoms of Europe. 2 vol. 
12mo. Price 55. bound. | 
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